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ABSTRACT
The implementation of Building Information Modelling (BIM) in the 
Architecture, Engineering and Construction (AEC) industry has significantly 
amplified the responsibility of designers in creating reliable and accurate BIM models. 
Fundamentally, the BIM models must comply with the fire safety regulations to 
provide minimum protection for building occupants and property. Since fire safety 
regulations are known to be complex and rigid, the manual compliance checking 
process could lead to inaccuracies, especially in a BIM-based environment. Hence, 
this study developed an automated BIM-based fire regulations compliance checking 
system for Malaysian’s AEC industry. In order to establish the rules and BIM 
properties necessary for fire regulations compliance checking process, 256 clauses 
from Parts VII and VIII of Selangor Uniform Building (Amendment) (No. 2) By-Laws 
2012 were selected to create a BIM model using Revit® based on two-dimensional 
drawings of a completed 17-storey institutional building. Three investigations were 
conducted to structure the representation of the rules and BIM properties. First, the fire 
safety clauses were formalised through a classification technique, semantic mark-up 
requirement, applicability, selection, exception (RASE) methodology, and 
interviewing two fire engineers and a representative from the Fire and Rescue 
Department Malaysia (JBPM). Secondly, the BIM properties consisting of 54 families 
and their respective parameters in Revit® were identified for the compliance checking 
process. Lastly, pseudocodes and architecture of the automated system were developed 
to establish the relationship between the formalised clauses and BIM properties. 
Dynamo® scripts were used to develop a prototype of an automated fire regulations 
compliance checking system which could automatically check for fire doors and 
staircases in Revit®. The representative from JBPM, three fire engineers and architect 
validated the proposed architecture while the prototype was validated by three 
architects, two structural engineers, one mechanical engineer, and two civil engineers. 
This study contributed to a semi-automated rule translation process which combined 
existing approaches in this field of study. The classification technique and semantic 
mark-up RASE methodology were refined in this research by developing flowcharts 
to provide specific guidelines in formalising the clauses. The semi-automated rule 
translation process encouraged the participation of relevant fire safety experts and 
provided more accessibility for designers compared to existing studies. This study also 
offered more practicality for designers to employ the system by utilising native BIM 
model data representation. High mean scores ranging from 4.00 to 4.96 were obtained 
for the validation process, which affirmed the feasibility of an automated BIM-based 




Pelaksanaan pemodelan maklumat bangunan (BIM) dalam industri Senibina, 
Kejuruteraan dan Pembinaan (AEC) telah memperluaskan lagi tanggungjawab para 
pereka untuk mencipta model BIM yang tepat dan boleh dipercayai. Secara asasnya, 
model BIM perlu mematuhi peraturan keselamatan kebakaran bagi memberikan 
perlindungan minimum kepada sesuatu hartanah dan penghuni bangunan. Peraturan 
keselamatan kebakaran yang ketat dan rumit boleh menyebabkan berlakunya 
ketidaktepatan dalam proses pemeriksaan kepatuhan manual, terutamanya dalam 
persekitaran yang berasaskan BIM. Justeru, kajian ini dijalankan untuk membina 
sistem pemeriksaan kepatuhan peraturan kebakaran berasaskan BIM secara automatik 
dalam industri AEC di Malaysia. Bagi penetapan peraturan dan ciri-ciri BIM yang 
penting dalam proses pemeriksaan kepatuhan peraturan kebakaran, 256 klausa 
daripada Bahagian VII dan VIII Undang-Undang Kecil Bangunan Seragam Selangor 
(Pindaan) (Bil. 2) 2012 telah dipilih untuk mencipta model BIM menggunakan perisian 
Revit® berdasarkan lakaran dua dimensi bangunan institusi 17 tingkat yang telah siap 
dibina. Tiga peringkat penyelidikan telah dilakukan untuk menyusun gambaran 
peraturan dan ciri-ciri BIM. Pertama, klausa keselamatan kebakaran diformalkan 
melalui teknik pengelasan, kaedah keperluan, kebolehlaksanaan, pemilihan dan 
pengecualian (RASE) penanda semantik, dan sesi temubual bersama dua orang 
jurutera kebakaran dan wakil daripada Jabatan Bomba dan Penyelamat Malaysia 
(JPBM). Kedua, ciri-ciri BIM yang terdiri daripada 54 buah keluarga dan parameter 
masing-masing dalam Revit® telah dikenal pasti bagi tujuan proses pemeriksaan 
kepatuhan. Akhir sekali, pseudokod dan seni bina sistem automatik ini dibina untuk 
menjalinkan hubungan di antara klausa formal dan ciri-ciri BIM. Skrip Dynamo® 
digunakan untuk membina prototaip sistem pemeriksaan kepatuhan peraturan 
kebakaran ini, di mana pintu dan tangga kebakaran dapat diperiksa secara automatik 
melalui Revit®. Seorang wakil daripada JPBM, tiga orang jurutera kebakaran dan 
seorang arkitek mengesahkan cadangan seni bina ini, manakala tiga orang arkitek, dua 
orang jurutera struktur, seorang jurutera mekanikal, dan dua orang jurutera awam 
mengesahkan prototaip yang dibina. Kajian ini menyumbang kepada proses 
terjemahan peraturan separa automatik yang menggabungkan pendekatan sedia ada 
dalam bidang kajian ini. Teknik pengelasan dan kaedah RASE penanda semantik telah 
ditambah baik dalam kajian ini melalui penyediaan carta alir sebagai garis panduan 
khusus bagi proses pemformalan klausa. Proses terjemahan peraturan separa 
automatik ini turut menggalakkan penyertaan pakar keselamatan kebakaran yang 
relevan, selain daripada memberikan lebih banyak akses kepada para pereka 
berbanding kajian terdahulu. Kajian ini juga menawarkan lebih banyak peluang secara 
praktikal kepada para pereka dalam menggunakan sistem menerusi gambaran data 
model BIM asal. Proses pengesahan kajian ini menunjukkan skor min yang tinggi iaitu 
di antara 4.00 hingga 4.96, di mana ia membuktikan kebolehlaksanaan sistem 
pemeriksaan kepatuhan peraturan kebakaran berasaskan BIM secara automatik ini 
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The Architecture, Engineering and Construction (AEC) industry is 
progressively changing through the emergence of Building Information Modelling 
(BIM). BIM is defined as “a modelling technology and associated set of processes to 
produce, communicate and analyse building models” (Eastman et al., 2018, p. 14). 
The extensive application of BIM in construction projects magnifies the urgency for 
the automation of various construction processes and the creation of well-defined 
information to be used throughout the project lifecycle. BIM provides a 
comprehensive framework for information handling and exchange by having high 
capability to store huge amount of information in BIM models (Zhong et al., 2018).
The evolution of BIM technology and issues pertaining to fire and building 
safety stimulate a wide development of studies in automating the code compliance 
checking process. Automated code compliance checking process is a computer- 
programmed analysis on the compliance of building designs based on the models’ 
objects, attributes and relations (Eastman et al., 2009). The automated system extracts 
and translates building regulations into a computable format, generates an execution 
plan, checks the BIM models and lastly, produces a compliance result (Nawari, 2018). 
It promotes accuracy, consistency, comprehensiveness, and systemisation.
1
1.2 Background issues
The design phase is the primary component in AEC projects which influence 
other construction and management processes. The implementation of BIM 
technology raises the bar for the AEC industry to provide better building designs which 
are equipped with significant amount of information. The following subsections 
present an overview of the design considerations in BIM-based environment and the 
importance of fire safety regulations in the design phase. Accordingly, this leads to an 
overview of the current situation in improving the code compliance checking process 
for building designs in the AEC industry.
1.2.1 BIM-integrated design process
A typical development project consists of pre-development phase, construction 
phase, and post-construction phase (Abdullah, Harun and Rahman, 2011). This could 
be further defined into eight stages as outlined by the Royal Institute of British 
Architects (RIBA, 2020), which are, strategic definition (Stage 0), preparation and 
briefing (Stage 1), concept design (Stage 2), spatial coordination (Stage 3), technical 
design (Stage 4), manufacturing and construction (Stage 5), handover (Stage 6), and 
use (Stage 7). The spatial coordination activity in Stage 3 specifically deals with the 
coordination between architectural design and engineering design. This stage is 
included in RIBA Plan of Work 2020 to accommodate the technological evolution of 
design and construction processes through the application of BIM.
BIM elevates the building designs to be equipped with comprehensive 
information which could be utilised throughout the whole project lifecycle from the 
initial design phase until facility management (NIBS, 2015). BIM-related studies have 
thrived expeditiously over the last two decades in which recent studies focused more 
on the adoption of BIM in specific domains compared to the general conceptualisation 
of BIM in the early 2000s (Tang et al., 2019; Eastman et al., 2018; Santos, Costa and 
Grilo, 2017). The implementation of BIM has encouraged the development of various 
software applications (BIMForum, 2020). Examples of BIM design authoring
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software applications are Revit® (Autodesk, 2020e), ArchiCAD® (Graphisoft, 2020d), 
MicroStation® (Bentley, 2020d), Allplan® (Allplan, 2020g), and Tekla Structures® 
(Trimble, 2020b). BIM software applications are relatively more advantageous than 
computer-aided design (CAD) software applications due to the ability to create 
parametric elements that could automatically define the relationships and constraints 
of parameters in building objects, or also known as parametric modelling (Ahankoob, 
Abbasnejad and Wong, 2020; Eastman et al., 2018; Lee, Sacks and Eastman, 2006). 
The implementation of BIM in construction projects promotes better collaborative 
working environment among project participants through seamless data integration 
and exchange (Eastman et al., 2018; MHC, 2014).
Consequently, the ability to create a comprehensive, accurate and reliable set 
of information in BIM models has become the main priority in BIM-based projects 
(Pam, Edwards and Sing, 2017). Thus, the design stage plays an important role in 
influencing the accuracy and reliability of information created. Essentially, this 
information must correspond to the client’s requirement and comply to relevant 
building regulations (RIBA, 2020; Ching and Eckler, 2013; Imrie and Street, 2011; 
Pressman, 2012; Tunstall, 2006; Bownass, 2001). The building regulations, 
particularly the fire safety regulations are considered as a fundamental part of design 
process (Imrie, 2007).
1.2.2 Fire safety regulations in design process
The practicability of fire protection solutions according to relevant fire safety 
regulations is addressed as early as in the feasibility studies (RIBA, 2020; Bownass, 
2001). As a whole, fire safety regulations were written by regulatory experts to protect 
the life of building occupants and property as well as to continue the operation of fire 
protection system during a fire incident (Stein et al., 2006; Lataille, 2003; Watts, 
2003). The regulations contain passive measures which include the design of building 
elements and spaces, and active measures which involve the design of fire protection 
systems in building (Lataille, 2003; Bownass, 2001). The overall design process is 
governed by fire safety regulations that assert the minimum requirements for buildings
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to prevent fire occurrences and also to reduce fire growth rate in the event of fire 
(IFEM et al., 2006; Cote and Grant, 2003; Janssens, 2003; Friedman, 2003). 
Accordingly, each country and even state has its own set of fire safety regulations to 
be adhered to by designers.
In Malaysia, Uniform Building By-Laws 1984 (UBBL 1984), one of the by­
laws enacted under Act 133, Street, Drainage and Building Act 1974, is the main 
reference for fire safety regulations. Each State Government has the authority to 
publish its own government gazette based on UBBL 1984 (MPC, 2016). For instance, 
Selangor Uniform Building (Amendment) (No. 2) By-Laws 2012 was produced by 
Selangor Government. All building designs are required to adhere to UBBL 1984 or 
any other related gazette versions of UBBL 1984 for development plan approval prior 
to the commencement of construction works (Aloysius, 2019; Abdullah et al., 2011). 
The Fire and Rescue Department Malaysia (JBPM) is responsible in reviewing and 
approving the compliance of building designs with the fire safety requirements 
(KPKT, 2019).
Building plan approval process is an essential constituent of the pre­
development process. As stipulated in Circular No. 009 (BEM and BAM, 2020) and 
subsection 2 (a) of Architects Act 1967 (LAM, 2015a), architects and engineers are 
obliged to submit their respective building plans to relevant local authority in 
Malaysia. The current compliance checking process conducted by JBPM is bounded 
by a set of checklists in which the applicants, consisting of architects and engineers, 
are required to prepare the relevant calculations, building plans, and mechanical and 
electrical plans (JBPM, 2020b; KPKT, 2019). It is presumed that designers are well- 
versed with the fire safety regulations, and in the circumstances where there are design 
alternatives other than the minimum requirements, designers are obliged to 
recommend the solutions to JBPM (Aloysius, 2019). Thus, this shows that although 
JBPM has the highest authority to approve building designs, the technical competency 
to conduct a comprehensive compliance checking among designers is much higher 
compared to JBPM. For this reason, designers carry the utmost responsibility to ensure 
the optimum fire safety level in a building (Ramli, 2011; Imrie et al., 2011).
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Architects are primarily aware that the fire safety regulations are the critical 
contributor in their designs and must be integrated at the earliest design stage. 
However, there are architects with an opposing view where they perceive regulations 
as a fixed constraint and a barrier to the creative process (Imrie, 2007; Maluk, 
Woodrow and Torero, 2017). Irrespective of their perceptions, fire safety strategy 
should be incorporated into every design stage (RIBA, 2020). The passive measures 
in fire safety strategy aim to prevent initial fire growth and also decrease the fire spread 
rate during fire occurrences (Cote et al., 2003). In the fire safety regulations, the 
passive measures are reflected in the requirements for fire resistance building 
materials, compartmentation, and evacuation-related building spaces (Tewarson, Chin 
and Shuford, 2003; Isa and Kamaruzzaman, 2012; Janssens, 2003; IFEM et al., 2006; 
Yatim, 2016a). On the other hand, the active measures aim to stimulate the awareness 
of occupants in the event of fire and provide an effective smoke management system 
in a building (Stein et al., 2006; Lataille, 2003; Ramli, 2011). The fire safety 
regulations specify the minimum requirements for fire detection, fire alarm, and fire 
extinguishment systems as well as the continuity of the systems’ operations during fire 
occurrences (Stein et al., 2006).
However, the incorporation of minimum fire safety requirements in the design 
process could lead to an ambiguous procedure. Fire safety regulations are known to 
be subjectively complex and difficult to be interpreted (Malsane et al., 2015; Smith, 
1991). The manual code compliance checking process could lead to ambiguity and 
inconsistency in the design assessments especially in a BIM-based environment where 
the complexity of BIM models is rapidly increasing over the years (Greenwood et al., 
2010; Tan, Hammad and Fazio, 2010; Eastman et al., 2018; Dimyadi and Amor, 
2013a). Visual inspection of the BIM models for compliance checking is not feasible 
as BIM objects could be embedded with semantically rich information (Solihin and 
Eastman, 2015). The highly iterative process of designing could potentially expose 
the design to relatively higher error rates (Preidel and Borrmann, 2018). Therefore, 
many existing studies had explored the potential of automating the compliance 
checking process to assist designers in achieving minimum compliance.
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1.2.3 Existing automated code compliance checking system
The procedure of automating the code compliance checking process is complex 
and demands specific actions in defining and representing the knowledge in building 
regulations. It is vital to specify the type of information needed, the sources of the 
information, and the procedure of processing the information (Dimyadi and Amor,
2017). The rules in building regulations must first be interpreted and the building 
objects which are necessary for the checking process must be identified. Once the 
rules and building objects have been established, the relationship between both 
elements need to be drawn for the rule execution and reporting process (Eastman et 
al., 2009). Hence, the rules and building objects are the main components in an 
automated code compliance checking system (Eastman et al., 2009; Pauwels et al., 
2017b).
Since 1969, numerous approaches had been introduced to develop automated 
code compliance checking systems. This was initiated by Fenves, Gaylord and Goel 
(1969) through the development of decision tables, followed by the conversion into 
programming codes for the implementation in a software application (Stahl et al., 
1983). This had encouraged the development of expert systems in the CAD 
environment in the 1990s (Delis and Delis, 1995; Smith, 1991; Heikkila and Blewett, 
1992; Myers, Snyder and Chirica, 1992). After the 1990s, the development of the 
automated systems shifted towards the ability of support BIM-based environment. The 
CORENET e-PlanCheck system in Singapore was considered as the most prominent 
system being developed in the early 2000s (Khemlani, 2005). It became the basis for 
the development of automated systems in other countries such as Solibri Model 
Checker (SMC) in Finland (Dimyadi et al., 2013a), DesignCheck in Australia (Ding 
et al., 2006), SMARTcodes and spatial program validation in United States (Eastman 
et al., 2009; Lee, 2010), and Statsbygg’s design checking in Norway (Le et al., 2006).
Although the workability of these automated systems had been proven through 
actual implementation, these applications were built through hardcoding technique, or 
also known as the ‘Black Box’ method (Kincelova et al., 2019; Preidel et al., 2018; 
Daima, 2020b; Ding et al., 2006; Nawari, 2018; Greenwood et al., 2010). Although
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the ‘Black Box’ method promotes significant low error rate, this method hinders the 
involvement and accessibility of designers to assess, modify and extend the rules in 
the database (Eastman et al., 2009; Ghannad et al., 2019a; Dimyadi, Pauwels and 
Amor, 2016a; Preidel et al., 2018). This is because the rule interpretation databases in 
the automated systems were not separated from the rule execution engine except for 
DesignCheck. In DesignCheck, the rule interpretation database was represented by 
Jotne Express Data Manager™ (EDM). However, the Jotne EDM could only be 
accessible by software programmers (Preidel et al., 2018; Shih, Sher and Giggins, 
2013; Eastman et al., 2009).
As a result, the ‘White Box’ method became more favourable in recent studies 
which promotes more transparency of the internal steps for users (Preidel et al., 2018; 
Ghannad et al., 2019a). Eastman et al. (2009) and Greenwood et al. (2010) suggested 
the application of logic-based approach in extracting the complex semantics of rules. 
This had led to the introduction of semantic mark-up RASE methodology by Hjelseth 
and Nisbet (2010) as well as the adoption of predicate logic (Lee, 2010; Lee et al., 
2016; Fan, Chi and Pan, 2019) and conceptual graphs (Solihin and Eastman, 2016). 
The semantic mark-up RASE methodology was known to be a simple and well-defined 
process which potentially extract the complex semantics of rules (Beach and Rezgui,
2018). The adoption of this method by other studies also proved the reliability of 
employing this method in various building regulations (Beach et al., 2013; Shih and 
Sher, 2014; Kasim, 2015; Getuli et al., 2017; Macit, ilal and Gunaydin, 2017). 
However, the main limitation of this method as well as other logic-based approaches 
is that these approaches require an encoding process to be integrated into the system 
(Preidel et al., 2018).
Other studies focused on the direct integration of rules into the system while 
maintaining the separation of rule translation database from the system. This includes 
natural language processing (NLP) techniques (Zhang and El-Gohary, 2017a; Zhou 
and El-Gohary, 2017; Salama and El-Gohary, 2013b; Song et al., 2020; Xue and 
Zhang, 2020), visual programming language (VPL) techniques (Preidel and 
Borrmann, 2017a; Kim et al., 2019; Zhou, Lee and Ying, 2018; Ghannad et al., 2019a), 
and ontological approach through semantic web technologies (Yurchyshyna et al.,
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2008; Beetz, van Leeuwen and de Vries, 2009; Xu and Cai, 2020; Beach et al., 2018; 
Zhong et al., 2018; Zhong et al., 2012; Zhang et al., 2015c; Pauwels et al., 2011). 
Although these approaches have high capability to translate complex rules, the NLP 
techniques and ontological approach in particular were argued to be impractical for the 
AEC domain experts due to its complexity (Preidel and Borrmann, 2016; Zhang and 
El-Gohary, 2016c). In general, the VPL technique could allow accessibility for users 
to review and modify existing rules as well as creating new rules (Preidel et al., 2017a; 
Ghannad et al., 2019a). Despite its strength compared to other approaches, the 
application of logic-based approach is still relevant to avoid logical errors (Kim et al., 
2017a). Therefore, a more practical approach in developing an automated code 
compliance checking system is through a semi-automated rule translation process 
where existing approaches are combined to extract the semantics of rules (Preidel et 
al., 2018).
The importance of outlining modelling requirements for BIM models in the 
automated system is equivalent to the importance of employing the appropriate rule 
interpretation technique. The most common approach for building model preparation 
in existing studies was the representation of Industry Foundation Classes (IFC) data 
model, for example the extension of IFC data schema through the creation of 
FORNAX objects (Khemlani, 2005), ifcXML (Yurchyshyna et al., 2008), and ifcOWL 
(Zhong et al., 2018). IFC is an established open interoperability standard in BIM 
environment (buildingSMART, 2020b). Despite this, the modelling requirements for 
IFC data model are complex as the conversion into this format varies according the 
different BIM software applications and it requires proficiency in EXPRESS language 
(Katsigarakis et al., 2019; Pauwels, Zhang and Lee, 2017a; Plume and Mitchell, 2007). 
Misclassification of IFC data could lead to data losses and errors (Wu and Zhang, 
2019; Koo and Shin, 2018; Katsigarakis et al., 2019; Monteiro and Martin, 2013).
Preidel and Borrmann (2015) highlighted that the development of an 
automated code compliance checking system should prioritise more on the practicality 
of users. In recent times, the CORENET BIM e-Submission has incorporated the 
submission of BIM models in ArchiCAD and Revit file format as these software 
applications are currently used by designers to create BIM models (BCA, 2020a).
8
Thus, it is apparent that the modelling requirements of BIM models should be parallel 
to the design process to ease the burden on designers to prepare the BIM models.
1.3 Problem Statement
The compliance to fire safety regulations is an essential component during 
design phase to protect the building property and the life of building occupants from 
fire incidents. It is the first and most vital step in preventing the possibility of fire 
occurrences in buildings. Although JBPM is responsible in reviewing and approving 
the compliance of building designs to fire safety regulations in the building approval 
process, the current compliance checking process by JBPM is bounded by a set of 
checklists in which the designers must prepare relevant documents and calculations 
beforehand. Thus, designers have higher responsibility in providing an optimum fire 
safety level in building designs.
In a BIM-based development project, the design process is a crucial stage to 
create a BIM model that contain a comprehensive, accurate and reliable set of 
information. This information includes the passive and active measures of fire 
protection solutions according to fire safety regulations. Despite the importance of 
fire safety regulations in building designs, the regulations are seen to be subjectively 
complex and difficult to interpret. This could lead to ambiguity and inconsistency in 
the compliance checking of building designs during design stage. The relatively 
complex BIM models and highly iterative design process have made it more 
impractical to conduct a manual compliance checking process.
Accordingly, previous studies in other countries had explored the potential of 
automating the compliance checking process to assist designers during design process. 
However, the procedure of developing such system is known to be sophisticated. 
Since regulations were written in natural language, the regulations need to be 
interpreted and transformed into computer representation. The building objects or 
BIM properties which are necessary for the automated system must be identified. The 
relationship between rules and BIM properties must be established and integrated into
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the automated system. Commonly, the development process of the automated system 
consists of rule interpretation stage, building model preparation stage, rule execution 
stage, and rule reporting stage.
The CORENET BIM e-Submission in Singapore, Jotne EDM in the 
DesignCheck in Australia, and SMC software application are the dominant examples 
of existing automated systems in this field of study. These automated systems were 
built upon hardcoding technique or ‘Black Box’ method and were proven to be 
successful in conducting the compliance checking process. Although the ‘Black Box’ 
method assures low error rate in the systems, this method is disadvantageous in terms 
of its transparency and accessibility to the users. The development technique 
thereupon shifted towards ‘White Box’ method. This method was introduced by 
various studies consisting of object-based approach, logic-based approach, NLP 
techniques, VPL approach, and ontological approach through semantic web 
technologies. Despite the wide variety of approaches, challenges exist in the actual 
implementation of the automated system.
As the programming knowledge is quite uncommon among AEC 
professionals, the logic-based approach was a much-preferred approach by past studies 
in interpreting the rules as it promotes the ability to extract the semantics of rules 
without requiring any programming skills. However, it was considered as a 
preprocessing rule interpretation procedure and could not directly transform the rules 
into computer representation. Due to this, NLP techniques, VPL approach and 
ontological approach were explored by other studies to directly integrate the rules into 
their proposed automated systems. The VPL approach was seen to be a more 
promising solution than NLP techniques and ontological approach as the latter 
approaches require a certain degree of programming knowledge. While the VPL 
approach could provide visual representation of the rules in an automated system, the 
logic-based approaches remain relevant in the rule interpretation to avoid inaccuracies.
Another prevailing issue in the automation of code compliance checking 
process is the representation of BIM models in IFC data format. Whilst this approach 
was commonly applied in other studies to promote better data interoperability, the
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conversion from native file format of a BIM model to IFC format is a complex 
procedure. Inaccuracy in the conversion process could result to data losses and errors 
in the compliance results.
The practicality of users in employing the system should be prioritised in the 
development of an automated code compliance checking system. The rule 
interpretation technique should be able to accommodate the involvement of designers 
and relevant fire safety experts as they have higher knowledge on fire safety 
regulations than software developers. In the automated system, the rule interpretation 
process should also be separated from the rule execution process to provide 
accessibility for users to review and maintain the rules. These criteria could be 
achieved by employing a semi-automated rule interpretation process. In preparing the 
BIM models for the automated code compliance checking system, the utilisation of 
BIM models in native file format is more advantageous than IFC data format as it 
could provide better practicality for users to directly employ the automated system 
without having to convert the BIM models.
The limitations of existing studies motivate the necessity to develop an 
automated BIM-based fire regulations compliance checking system through a semi­
automated rule translation process and the identification of BIM properties in native 
file format. This automated system could be an initial drive in providing a tool to assist 
designers in the compliance of BIM models to fire safety regulations in Malaysia.
1.4 Research Questions
Based on the discussions above, this research is undertaken to answer the 
following questions:
(a) What are the relevant fire safety clauses and necessary BIM properties for fire
regulations compliance checking process?
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(b) How to interpret the rules in fire safety clauses and prepare the BIM model for 
an automated fire regulations compliance checking system?
(c) How to integrate the rules with BIM properties for the development of an 
automated fire regulations compliance checking system?
1.5 Research Objectives
In consideration with the above research questions, the aim of this research is 
to develop an automated BIM-based fire regulations compliance checking system. To 
accomplish this aim, this research targets to achieve the following objectives.
(a) To establish the rules and BIM properties necessary for fire regulations
compliance checking process.
(b) To structure the representation of rules and BIM properties for an automated
fire regulations compliance checking system.
(c) To develop a prototype of an automated fire regulations compliance checking
system.
(d) To validate the utility of the prototype of an automated fire regulations
compliance checking system.
1.6 Scope of research
The main aspect of this research is to develop an automated BIM-based fire 
regulations compliance checking system. This system aims to assist designers for the 
compliance checking during the design process. 94 by-laws from Part VII (Fire 
Requirements) and 25 by-laws from Part VIII (Fire Alarms, Fire Detection, Fire 
Extinguishment and Fire Fighting Access) in Selangor Uniform Building
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(Amendment) (No. 2) By-Laws 2012 were selected for this research. These by-laws 
specify the fire safety requirements for buildings. This document was selected based 
on the recommendation by JBPM at the time this research was conducted. JBPM 
stated that this document will supersede the UBBL 1984 as it provides clearer 
compliance rules. Selangor Government had amended UBBL 1984 through this 
document by substituting the content and regulations applicable to the By-laws, 
inserting new By-laws, and deleting certain By-Laws according to the current needs.
In the building model preparation stage, Revit software application was chosen 
as the platform for the identification of BIM properties. Revit has been the preferred 
BIM authoring software application in Malaysia since 2013 in which it had been the 
official platform for Public Works Department (PWD) to create a set of families in 
Revit (PWD, 2013; Latiffi et al., 2013). This was then followed by the utilisation of 
Revit as the main platform for myBIM centre which offers BIM trainings for designers 
in Malaysia. The myBIM centre was established under Construction Industry 
Development Board (CIDB) to encourage the BIM adoption in Malaysia, parallel to 
the Construction Industry Transformation Programme (CITP) 2015 -  2020. Thus, it 
could be seen that Revit is the most suitable software application to be applied in this 
study.
A BIM model, which is a 17-storey institutional building, was created in Revit 
as a point of reference. This is based on two-dimensional CAD drawings of a 
completed project. The institutional building was specifically chosen for this research 
as there are additional requirements for buildings more than 18 metre high. For 
instance, the requirements for firefighting access in by-law 197A of Selangor Uniform 
Building (Amendment) (No. 2) By-Laws 2012. The institutional building could also 
assist in identifying BIM properties which are related to the requirements for fire 
protection systems in classrooms, halls, and laboratories in Tenth Schedule as well as 
place of assembly in by-law 178 until by-law 188. The BIM model was created to 
provide guideline and illustration for the classification of objects and properties, as 
well as for the development of the prototype.
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1.7 Significance of research
Numerous studies had taken various initiatives to automate the compliance 
checking process. However, the lack of involvement of AEC domain experts in the 
rule interpretation process and the inaccessibility of the systems for users to assess and 
maintain the rules could lead to inaccuracy during the checking process. The 
utilisation of IFC data model in existing studies had created more challenges in the 
actual implementation of the system. This research provides a semi-automated rule 
interpretation process through the combination of various approaches which allows the 
involvement of designers and accessibility for users. The utilisation of native BIM 
models could promote better practicality for designers to employ the system. This 
system could be an essential tool to assist designers in checking the compliance of 
BIM models to the relevant fire safety regulations in Malaysia. The artifacts of this 
research consisting of the architecture of the system and a prototype serve as an initial 
step in developing the automated system in Malaysian context. The architecture 
provides a guideline for developing the automated system while the prototype 
demonstrates the feasibility of the architecture.
1.8 Research methodology
In achieving the aim and objectives, this research was conducted in six stages 
of Design Science Research (DSR) methodology as defined by Peffers et al. (2007). 
Figure 1. 1 illustrates adoption of DSR methodology in the research procedure. The 
first two stages focused on the preliminary study and literature review of the research. 
Review on the fire safety design process and code compliance checking process was 
conducted to formulate the aim and objectives of this research.
The third stage includes the design and development of the proposed work. 
Activities in this stage were aligned with the research objectives. Categorisation, 
decomposition and interpretation of clauses was first carried out, followed by the 
identification of BIM properties necessary for fire regulations compliance checking
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process. The clauses and BIM properties were then mapped together to demonstrate 
the relationship between both elements.
The development of the artifacts was then conducted in the fourth stage. The 
architecture demonstrates the comprehensive structure of the automated BIM-based 
fire regulations compliance checking system while the prototype demonstrates the rule 
execution and reporting process. In the fifth stage, the architecture and prototype were 
validated by expert panels. Lastly, documentation, submission, viva voce and 
corrections were executed in the sixth stage.
15
Figure 1.1 Research methodology
1.9 Chapter organisation
This thesis is orderly structured into seven chapters. The first chapter provides 
an overview of the BIM-integrated design process, the fire safety regulations in the 
design process, and the existing automated code compliance checking system adopted
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in other studies. This is followed by the formulation of research aim, questions, 
objectives and methodology. Scope and significance of the research are defined in this 
chapter.
The second chapter describes a comprehensive review on the matters related 
to fire safety design and compliance. The development approval process in Malaysia 
is introduced in this chapter followed by the progression of BIM in the AEC industry. 
Next, the design process is discussed which specifies the compliance checking process 
conducted by fire authority and the fire safety design considerations by designers. In 
the following section, a review on the existing automated code compliance checking 
system in other countries is presented. The chronological development in this field is 
first discussed followed by the review of existing approaches. The comparison 
between the approaches is presented to address the limitations which influence the way 
forward in this field.
The adoption of DSR methodology is elaborately discussed in the third chapter. 
This chapter presents a comprehensive description of the techniques applied in 
achieving each research objective. Next, the fourth chapter demonstrates the 
knowledge formalisation process of the fire safety clauses. This includes the 
categorisation process, decomposition through semantic mark-up RASE methodology 
and interpretation through interview sessions. Subsequently, the establishment of 
necessary BIM properties is discussed and illustrated in the fifth chapter. Chapter 5 
also describes the development of pseudocodes to map the formalised clauses with the 
BIM properties. Next, the architecture was developed in this chapter. Chapter 6 shows 
the development of the prototype and the validation results. This thesis ends with 
Chapter 7 that outlines the conclusion of the research in terms of its findings, 
contributions, limitations, and henceforth, recommendations on future works.
17
REFERENCES
Abdullah, A. A., Harun, Z., & Rahman, H. A. (2011). Planning Process of 
Development Project in the Malaysian Context: A Crucial Brief Overview, 
International Journal o f Applied Science and Technology, 1(2), 74-81.
Afsari, K., & Eastman, C. (2016). A Comparison of Construction Classification 
Systems Used for Classifying Building Product Models. 52nd ASC Annual 
International Conference Proceedings. Provo, Utah, US, 1-8.
Ahankoob, A., Abbasnejad, B., & Wong, P. S. P. (2020). The Support of Continuous 
Information Flow Through Building Information Modeling (BIM). In K. 
Panuwatwanich & C. Ko (The 10th International Conference on Engineering, 
Project, and Production Management, Lecture Notes in Mechanical 
Engineering (Singapore: Springer Nature Singapore Pte Ltd, pp. 125-137.
Akerkar, R. (2012). Ontology: Fundamentals and Languages. In V. Sugumaran & J. 
A. Gulla (Applied Semantic Web Technologies (Boca Raton, Florida: CRC 
Press, pp. 21-64.
Alatrish, E., Tosic, D., & Milenkovic, N. (2014). Building ontologies for different 
natural languages, Computer Science and Information Systems, 11(2), 623­
644.
AlHogail, A. (2015). Design and validation of information security culture framework, 
Computers in Human Behavior, 49, 567-575.
Allplan. (2020a). Allplan 2020 - Test now! Retrieved August 13, 2020 from 
https://info.allplan.com/en/demo-download/cad-software-v2.html
Allplan. (2020b). BIM solutions for Architecture. Retrieved August 13, 2020 from 
https://www.allplan.com/en/industry-solutions/architecture-software/
Allplan. (2020c). BIM Solutions for Bridge Engineering. Retrieved August 13, 2020 
from https://www.allplan.com/en/industry-solutions/bridge-engineering- 
software/
Allplan. (2020d). BIM solutions for rebar detailers. Retrieved August 13, 2020 from 
https://www.allplan.com/en/industry-solutions/rebar-detailing-software/
Allplan. (2020e). Data Exchange Formats. Retrieved August 13, 2020 from 
https://www.allplan.com/en/system/data-exchange-formats/
263
Allplan. (2020f). Features Allplan Engineering Building 2020. Retrieved August 13, 
2020 from https://www.allplan.com/products/allplan-engineering-building- 
2020-features/
Allplan. (2020g). The story o f Nemetschek, ALLPLAN and our CAD software.
Retrieved August 13, 2020 from https://www.allplan.com/en/
Aloysius, R. T. (2019) Penguatkuasaan Akta Perkhidmatan BOMBA (Akta 341) & 
Liabiliti Penghuni (1st ed.) Sabah, Malaysia: Iris Publishing & Distributors. 
Ansys. (2020). Computational Fluid Dynamics (CFD) Simulation. Retrieved 
September 12, 2020 from https://www.ansys.com/products/fluids 
AnyLogic. (2020). AnyLogic Simulation Software. Retrieved September 12, 2020 from 
https://www.anylogic.com/
Autodesk. (2002). Building Information Modeling. California, USA: Autodesk. 
Autodesk. (2019a). Classification Systems and Their Use in Autodesk Revit Managing 
the ”I ” in BIM. US: Autodesk. Retrieved from
https://www.biminteroperabilitytools.com/classificationmanager.php 
Autodesk. (2019b). The Dynamo Primer. Retrieved August 13, 2020 from 
https://primer.dynamobim.org/
Autodesk. (2019c). Update OmniClass Taxonomy File. Retrieved October 15, 2020 
from https://knowledge.autodesk.com/support/revit-
products/troubleshooting/caas/CloudHelp/cloudhelp/2020/ENU/Revit- 
T roubleshooting/ files/GUID-BA0B2713 -ADA0-4E51-A7CD- 
85D85511F3ED-htm.html 




Autodesk. (2020b). Buy. Retrieved August 13, 2020 from
https://asean.autodesk.com/products/revit/subscribe?plc=RVT&term=1- 
YEAR&support=ADVAN CED&quantity=1 
Autodesk. (2020c). Computational fluid dynamics simulation software. Retrieved 
September 12, 2020 from https://www.autodesk.com/products/cfd/overview 





Autodesk. (2020e). Features. Retrieved August 13, 2020 from
https://www.autodesk.com/products/revit/features?plc=RVT&term=1- 
YEAR&support=ADVANCED&quantity=1#internal-link-top-features 




Autodesk. (2020g). Revit |  Export format. Retrieved August 13, 2020 from
https://knowledge.autodesk.com/support/revit-products/learn- 
explore/caas/sfdcarticles/sfdcarticles/Revit-Export-format.html 




Autodesk. (2020i). What are the benefits o f BIM? Retrieved August 13, 2020 from 
https://asean.autodesk.com/solutions/bim/benefits-of-bim 
Autodesk. (2020j). What is Dynamo? Retrieved August 13, 2020 from 
https://primer.dynamobim.org/01 Introduction/1-2 what is dynamo.html 
Awwad, K. A., Shibani, A., & Ghostin, M. (2020). Exploring the critical success 
factors influencing BIM level 2 implementation in the UK construction 
industry: the case of SMEs, International Journal of Construction 
Management.
Balaban, O., Kilimci, E. S. Y., & £agda§, G. (2012). Automated Code Compliance 
Checking Model for Fire Egress Codes, Digital Applications in Construction - 
eCAADe, 2(30), 1-10.
Basarudin, N. A., Yeon, A. L., Yusoff, Z. M., Dahlan, N. H. M., & Mahdzir, N. (2018). 
Smart Home Assisted Living for Elderly: The Needs for Regulations, The 
Journal o f Social Sciences Research(6), 7-13.
Baskerville, R. L., & Wood-Harper, A. T. (2002). A Critical Perspective on Action 
Research as a Method for Information Systems Research Qualitative Research 
in Information Systems A Reader (London: SAGE Publications, pp. 129-145.
265
BCA. (2013). Singapore BIM Guide Version 2. Singapore: Building and Construction 
Authority.
BCA. (2020a). Building Information Modeling (BIM) e-Submission. Retrieved August 
23, 2020 from https://www.corenet.gov.sg/general/building-information- 
modeling-(bim)-e-submission.aspx 
BCA. (2020b). CORENET - About Us. Retrieved January 22, 2020 from 
https://www.corenet.gov.sg/general/about-us.aspx 
BCA. (2020c). CORENET e-Submission System Retrieved October 8, 2020 from 
https://www.corenet-ess.gov.sg/ess/
Beach, T. H., Kasim, T., Li, H., Nisbet, N., & Rezgui, Y. (2013). Towards automated 
compliance checking in the construction industry, Lecture Notes in Computer 
Science (including subseries Lecture Notes in Artificial Intelligence and 
Lecture Notes in Bioinformatics), 8055 LNCS(PART 1), 366-380.
Beach, T. H., Rezgui, Y., Li, H., & Kasim, T. (2015). A rule-based semantic approach 
for automated regulatory compliance in the construction sector, Expert Systems 
with Applications, 42(12), 5219-5231.
Beach, T. H., & Rezgui, Y. (2018). Semantic Encoding of Construction Regulations. 
6th Linked Data in Architecture and Construction Workshop (LDAC2018). 19­
21 June. London, UK, 52-61.
Beecham, S., Hall, T., Britton, C., Cottee, M., & Rainer, A. (2005). Using an expert 
panel to validate a requirements process improvement model, The Journal o f  
Systems and Software, 76(3), 251-275.
Beetz, J., van Leeuwen, J., & de Vries, B. (2009). IfcOWL: A case of transforming 
EXPRESS schemas into ontologies, Artificial Intelligence fo r  Engineering 
Design, Analysis and Manufacturing, 23(1), 89-101.
Bell, H., Bj0rkhaug, L., & Hjelseth, E. (2009). Standardized Computable Rules.
Norway: Standards Norway. Retrieved from https://www.standard.no/
BEM, & BAM. (2020). Circular No. 009 Submission o f Building Plans by 
Professional Engineers with Practising Certificate and Architects. Kuala 
Lumpur: Board of Engineers Malaysia.
Bentley. (2019). MicroStation® Brand Interoperability Comparison Sheet. US: 
Bentley Systems.
266
Bentley. (2020a). Building Design and Analysis Solution. Retrieved August 13, 2020 
from https://www.bentley.com/en/solutions/building-design-and-
analysis#tab1id4
Bentley. (2020b). Design and Analytical Modeling SDKs. Retrieved August 13, 2020 
from https://www.bentley.com/en/software-developers/developing-
engineering-applications/design-and-analytical-modeling-sdks 
Bentley. (2020c). Get pricing, licensing or technical information on Microstation. 





Bentley. (2020d). MicroStation. Retrieved August 13, 2020 from
https://www.bentley.com/en/products/brands/microstation 
Bentley. (2020e). STUDENTserver. Retrieved August 13, 2020 from
https://apps.bentley.com/studentserver/home/index 
Berners-Lee, T., Hendler, J., & Lassila, O. (2001). The Semantic Web. Scientific 
American Magazine, 1-36.
Berners-Lee, T., Connolly, D., Kagal, L., & Scharf, Y. (2007). N3Logic: A Logical 
Framework For the World Wide Web, Theory and Practice o f Logic 
Programming, 1-21.
BIMForum. (2020). BIM Tools Matrix. Retrieved January 22, 2020 from 
https://bimforum.org/resources/agc-bim-resources/
BIMObject. (2020). Product families. Retrieved August 13, 2020 from 
https://www.bimobject.com/en/product 
Bloch, T., & Sacks, R. (2018). Comparing machine learning and rule-based 
inferencing for semantic enrichment of BIM models, Automation in 
Construction, 91(July), 256-272.
Bonabeau, E. (2002). Agent-based modeling: Methods and techniques for simulating 
human systems, Proceedings o f the National Academy o f Sciences o f the 
United States o f America, 99(suppl 3), 7280-7287.
Bouzidi, K. R., Fies, B., Faron-Zucker, C., Zarli, A., & Thanh, N. L. (2012). Semantic 
Web Approach to Ease Regulation Compliance Checking in Construction 
Industry, Future Internet, 4(3), 830-851.
267
Bownass, D. (2001) Building Services Design Methodology A Practical Guide (1st 
ed.) London, UK: Spon Press.
Bryan, J. L. (2003). Human Behavior and Fire. In A. E. Cote, J. R. J. Hall, P. A. Powell, 
& C. C. Grant (Fire Protection Handbook Volumes I  & II  (Quincy, 
Massachusetts: National Fire Protection Association, pp. 4-3 - 4-31.
The British Standards Institution (2013). UK:The British Standards Institution 
buildingSMART. (2020a). buildingSMART Data Dictionary (bsDD). Retrieved 
August 26, 2020 from https://technical.buildingsmart.org/services/bsdd/ 
buildingSMART. (2020b). Industry Foundation Classes (IFC) - An Introduction. 
Retrieved August 19, 2020 from
https://technical.buildingsmart.org/standards/ifc 
buildingSMART. (2020c). Model View Definitions (MVD). Retrieved August 23, 2020 
from https://www.buildingsmart.org/standards/bsi-standards/model-view- 
definitions-mvd/
buildingSMART. (2020d). Standards Library. Retrieved August 19, 2020 from 
https://www.buildingsmart.org/standards/bsi-standards/standards-library/
Buis, M., Hamer, J., Hosking, J. G., & Mugridge, W. B. (1987). An expert advisory 
system for a fire safety code. Second Australian Conferene on Applications of 
expert systems. October 1987. MA, US, 85-101.
Bus, N., Roxin, A., Picinbono, G., & Fahad, M. (2018). Towards French Smart 
Building Code: Compliance Checking Based on Semantic Rules. 6th Linked 
Data in Architecture and Construction Workshop (LDAC 2018). June 19-21, 
2018. London, UK, 6-15.
Byggtjanst, S. (2020). About CoClass - the new generation BSAB. Retrieved August 
25, 2020 from https://coclass.byggtjanst.se/about#about-coclass 
Ching, F. D. K., & Eckler, J. F. (2013) Introduction to Architecture (1st ed.) John 
Wiley & Sons: New Jersey.
Choi, J., & Kim, I. (2008). An Approach to Share Architectural Drawing Information 
and Document Information for Automated Code Checking System, Tsinghua 
Science and Technology, 13(S1), 171-178.
Choi, J., Choi, J., & Kim, I. (2014). Development of BIM-based evacuation regulation 
checking system for high-rise and complex buildings, Automation in 
Construction, 46, 38-49.
268
Choi, J., & Kim, I. (2017). A Methodology of Building Code Checking System for 
Building Permission based on openBIM. 34th International Symposium on 
Automation and Robotics in Construction (ISARC 2017). 28 June - 1 July. 
Taipei, Taiwan, 1-6.
CIDB. (2015). Construction Industry Transformation Programme 2016-2020. Kuala 
Lumpur, Malaysia: Construction Industry Development Board (CIDB) 
Malaysia.
CIDB. (2016). Malaysia Building Information Modelling Report 2016. Kuala Lumpur, 
Malaysia: Construction Industry Development Board Malaysia (CIDB). 
Retrieved from https://mybim.cidb.gov.my/download/malaysia-bim-report- 
2016/
Clayton, M. J., Fudge, P., & Thompson, J. (2013). Automated Plan Review for 
Building Code Compliance Using BIM. 20th European Group fo r  Intelligent 
Computing in Engineering (EG-ICE) International Workshop 1-3 July. 
Vienna, Austria, 1-10.
Cote, A. E., & Grant, C. C. (2003). Codes and Standards for the Built Environment. In 
A. E. Cote, J. R. J. Hall, P. A. Powell, & C. C. Grant (19th ed.), Fire Protection 
Handbook Volumes I  & II  (19th ed.). Quincy, Massachusetts: National Fire 
Protection Association, pp. 1-51 - 51-65.
Creswell, J. W. (2007) Qualitative Inquiry & Research Design: Choosing Among Five 
Approaches (2nd ed.) London, UK: SAGE Publications.
Creswell, J. W. (2014) Research design : qualitative, quantitative, and mixed methods 
approaches (4th ed.) London, UK: SAGE Publications.
CSI. (2006). OmniClass™ Introduction and User's Guide. US.
CSI. (2020). Background. Retrieved August 25, 2020 from
https://www.csiresources.org/standards/omniclass/standards-omniclass- 
background
Cuesta, A., Abreu, O., Balboa, A., & Alvear, D. (2017). Real-time evacuation route 
selection methodology for complex buildings, Fire Safety Journal, 91 (April), 
947-954.
Curran, V., Hollett, A., Casimiro, L. M., McCarthy, P., Banfield, V., Hall, P., Lackie, 
K., Oandasan, I., Simmons, B., & Wagner, S. (2011). Development and 
validation of the interprofessional collaborator assessment rubric (ICAR), 
Journal o f Interprofessional Care, 25(5), 339-344.
269
Dadmehr, N., & Coates, S. P. (2019). An Approach to "National Annex to ISO 19650­
2. 14th International Postgraduate Research Conference 2019 (IPGRC). 16­
17 December 2019. University of Salford, UK, 1-10.
Daima. (2020a). Daima streamlines the plan-checking process. Retrieved October 8, 
2020 from https://daima.city/
Daima. (2020b). Frequently Asked Questions. Retrieved October 8, 2020 from 
https ://daima .city/faq
Dale, R. (2010). Classical Approaches to Natural Language Processing. In N. 
Indurkhya & F. J. Damerau (2nd ed.), Handbook o f Natural Language 
Processing (2nd ed.). Boca Raton, Florida: Chapman & Hall/CRC, pp. 3-7.
Daniotti, B., Pavan, A., Spagnolo, S. L., Vittorio, C., Pasini, D., & Mirarchi, C. (2020) 
BIM-Based Collaborative Building Process Management Cham, Switzerland: 
Springer.
Dawood, H., Siddle, J., & Dawood, N. (2019). Integrating IFC and NLP for automating 
change request validations, Journal o f Information Technology in 
Construction, 24, 540-552.
Delis, E. A., & Delis, A. (1991). Algorithmic Support for Intelligent Fire-Code 
Checking. Third International Conference on Tools for Artificial Intelligence 
(TAI91). 10-13 November 1991. San Jose, CA, USA, 291-298.
Delis, E. A., & Delis, A. (1995). Automatic Fire-Code Checking Using Expert-System 
Technology, Journal o f Computing in Civil Engineering, 9(2), 141-156.
Dimyadi, J., & Amor, R. (2013a). Automated building code compliance checking - 
Where is it at? Proceedings o f CIB WBC. Brisbane, Australia, 1-14.
Dimyadi, J., & Amor, R. (2013b). Computer-assisted Regulatory Compliance 
Checking. New Zealand Computer Science Research Student Conference 
(NZCSRSC 2013). April. Hamilton, New Zealand, 1-7.
Dimyadi, J., & Amor, R. (2013c). Regulatory Knowledge Representation for 
Automated Compliance Audit of BIM-Based Models. 30th CIB W78 
International Conference. 9-12 October. Beijing, China, 68-78.
Dimyadi, J., Clifton, C., Spearpoint, M., & Amor, R. (2014a). Computer-aided 
Compliance Audit to Support Performance-based Fire Engineering Design. 
10th International Conference on Performance-based Codes and Fire Safety 
Design Methods. 10-12 November. Gold Coast, Queensland, Australia, 1-12.
270
Dimyadi, J., Clifton, C., Spearpoint, M., & Amor, R. (2014b). Regulatory Knowledge 
Encoding Guidelines for Automated Compliance Audit of Building 
Engineering Design. 2014 International Conference on Computing in Civil and 
Building Engineering. 23-25 June. Orlando, Florida, US, 536-543.
Dimyadi, J. (2016). Compliant Fire Design Using BIM. Build 152: Technology takes 
off, February/March, 68-69.
Dimyadi, J., Pauwels, P., & Amor, R. (2016a). Modelling and accessing regulatory 
knowledge for computer-assisted compliance audit, Journal o f Information 
Technology in Construction, 21, 317-336.
Dimyadi, J., Clifton, C., Spearpoint, M., & Amor, R. (2016b). Computerizing 
Regulatory Knowledge for Building Engineering Design, Journal of 
Computing in Civil Engineering, 30(5).
Dimyadi, J., Solihin, W., Eastman, C., & Amor, R. (2016c). Integrating the BIM Rule 
Language into Compliant Design Audit Processes. 33rd CIB W78 Conference: 
IT  in Construction. 31 October - 2 November. Brisbane, Australia, 1-10.
Dimyadi, J., & Amor, R. (2017). Automating Conventional Compliance Audit 
Processes IFIP International Conference on Product Lifecycle Management 
(Cham: Springer, pp. 324-334.
Dimyadi, J., & Amor, R. (2018). BIM-based Compliance Audit Requirements for 
Building Consent Processing. 12th European Conference on Product & 
Process Modelling (ECPP). 12th- 14th September 2018. Copenhagen, 
Denmark, 465-471.
Ding, L., Drogemuller, R., Jupp, J., Rosenman, M. A., & Gero, J. S. (2004). Automated 
Code Checking. CRC for Construction Innovation, Clients Driving Innovation 
International Conference. 25-27 October. Perth, Australia, 1-17.
Ding, L., Drogemuller, R., Rosenman, M., Marchant, D., & Gero, J. (2006). 
Automating code checking for building designs - DesignCheck. CRC for  
Construction Innovation, Clients Driving Innovation International 
Conference. Sydney, Australia, 1-16.
Doheim, R. M. (2020). Early Integration of Fire Safety Objectives between Architects 
in Academia and in Practice. In S. Syngellakis & A. Fabbri (WIT Transactions 
on Engineering Sciences Risk Analysis XII (WIT Press: Southampton, UK, pp. 
241-252.
271
Dong, W.-h., Wang, L., Yu, G.-z., & Mei, Z.-b. (2016). Design of Wireless Automatic 
Fire Alarm System, Procedia Engineering, 135, 413-417.
Eastman, C., Lee, J.-m., Jeong, Y.-s., & Lee, J.-k. (2009). Automatic rule-based 
checking of building designs, Automation in Construction, 18(8), 1011-1033.
Eastman, C., Teicholz, P., Sacks, R., & Liston, K. (2018) BIM Handbook A Guide to 
Building Information Modeling for Owners, Managers, Designers, Engineers, 
and Contractors (3rd ed.) New Jersey, US: John Wiley & Sons.
Eckstein, R., & Casabianca, M. (2001) XML Pocket Reference (2nd ed.) Sebastopol, 
California: O'Reilly & Associates.
Ekholm, A. (1996). A Conceptual Framework for Classification of Construction 
Works, Journal o f Information Technology in Construction (ITcon), 1, 1-25.
Ekholm, A., & Haggstrom, L. (2011). Building Classification for BIM - Reconsidering 
the Framework. CIB W78-W102 2011 International Conference. 26-28 
October. Sophia Antipolis, France, 1-10.
Fahad, M., & Bus, N. (2018). Conformance Checking of IFC Models via Semantic 
BIM Reasoner. 25th European Group for Intelligent Computing in 
Engineering (EG-ICE) International Workshop. 11-13 June. Lausanne, 
Switzerland, 1-10.
Fahad, M., Fies, B., & Bus, N. (2018). Semantic BIM Reasoner for the verification of 
IFC Models. 12th European Conference on Product and Process Modelling 
(ECPPM 2018). 12-14 September. Copenhagen, Denmark, 1-10.
Fan, S.-L., Chi, H.-L., & Pan, P.-Q. (2019). Rule checking Interface development 
between building information model and end user, Automation in 
Construction, 105, 102842.
Fazilov, A. S., & Kuchimov, M. K. (2020). Development of a Visual Programming 
Algorithm for Bim-Models Using Module of Structures by Dynamo Module, 
Theoretical & Applied Science, 83(03), 30-33.
Fenves, S. J., Gaylord, E. H., & Goel, S. K. (1969). Decision table formulation o f the 
1969 AISC specification. Urbana, Illinois: University of Illinois. Retrieved 
from https://www.ideals.illinois.edu/handle/2142/14275
Fenves, S. J. (1979). Recent developments in the methodology for the formulation and 
organization of design specifications, Engineering Structures, 1(5).
Fenves, S. J., & Rasdorf, W. J. (1982). Treatment of Engineering Design Constraints 
in a Relational Database, Engineering with Computers, 1(1).
272
Fenves, S. J., & Garrett, J. (1995). Computer representations of design standards and 
building codes: a U.S. perspective, International Journal o f Construction 
Information Technology, 3(1), 13-34.
Fischer, C., & Gregor, S. (2011). Forms of Reasoning in the Design Science Research 
Process Service-Oriented Perspectives in Design Science Research (London: 
Springer, pp. 17-31.
Friedman-Hill, E. (2003) Jess in Action Rule-Based Systems in Java Greenwich: 
Manning Publications.
Friedman, R. (2003). Theory of Fire Extinguishment. In A. E. Cote, J. R. J. Hall, P. A. 
Powell, & C. C. Grant (Fire Protection Handbook Volume I  & II  (Quincy, 
Massachusetts: National Fire Protection Association.
Garber, R. (2014) BIM Design Realising the Creative Potential o f Building 
Information Modelling (1st Edition ed.) West Sussex, UK: John Wiley & Sons 
Ltd.
Garrett, J., & Fenves, S. J. (1987). A Knowledge-Based Standards Processor for 
Structural Component Design, Engineering with Computers, 2, 219-238.
Garrett, J. H., Palmer, M. E., & Demir, S. (2014). Delivering the Infrastructure for 
Digital Building Regulations, Journal o f Computing in Civil Engineering, 
28(2), 167-169.
Getuli, V., Ventura, S. M., Capone, P., & Ciribini, A. L. C. (2017). BIM-based Code 
Checking for Construction Health and Safety, Procedia Engineering, 196, 454­
461.
Ghannad, P., Lee, Y.-C., Dimyadi, J., & Solihin, W. (2019a). Automated BIM data 
validation integrating open-standard schema with visual programming 
language, Advanced Engineering Informatics, 40, 14-28.
Ghannad, P., Lee, Y.-C., Dimyadi, J., & Solihin, W. (2019b). Modularized BIM Data 
Validation Framework Integrating Visual Programming Language with 
LegalRuleML. In M. I. & H. T. (Advances in Informatics and Computing in 
Civil and Construction Engineering (Cham, Switzerland: Springer, pp. 85-93.
Gielingh, W. (2008). An assessment of the current state of product data technologies, 
Computer-Aided Design, 40(7), 750-759.
Graphisoft. (2020a). Import/Export File Formats in ARCHICAD. Retrieved August 
13, 2020 from https://helpcenter.graphisoft.com/knowledgebase/25765/
273
Graphisoft. (2020b). Licensing Basics - ARCHICAD License Types, Methods and 
Applications. Retrieved August 13, 2020 from
https://helpcenter.graphisoft.com/knowledgebase/86022/
Graphisoft. (2020c). Our Story. Retrieved August 13, 2020 from
https://graphisoft.com/why-graphisoft/our-story
Graphisoft. (2020d). Why ARCHICAD? Retrieved August 13, 2020 from 
https://helpcenter.graphisoft.com/knowledgebase/87484/
Greenwood, D., Lockley, S., Malsane, S., & Matthews, J. (2010). Automated 
compliance checking using building information models. Proceedings o f the 
Construction, Building and Real Estate Research Conference. 2-3 September. 
Paris, France, 363-371.
Gregor, S. (2006). The Nature of Theory in Information Systems, MIS Quarterly, 
30(3), 611-642.
Gregor, S., & Hevner, A. (2013). Positioning and Presenting Design Science Research 
for Maximum Impact, MIS Quarterly, 37(2), 337-355.
GSA. (2020). BIM Guide 02 Spatial Program Validation. Washington, DC: U.S. 
General Services Administration Retrieved from https://www.gsa.gov/real- 
estate/design-construction/3d4d-building-information-modeling/bim- 
guides/bim-guide-02-spatial-program-validation.
Guan, H. Y., & Kwok, K. Y. (2009) Computational Fluid Dynamics in Fire 
Engineering Theory, Modelling and Practice Oxford, UK: Elsevier.
Guba, E. G., & Lincoln, Y. S. (1994). Competing paradigms in qualitative research, 
Handbook o f qualitative research, 2(163-194), 105.
Gungor, T. (2010). Part-of-Speech Tagging. In N. Indurkhya & F. J. Damerau 
(Handbook o f Natural Language Processing (Boca Raton, Florida: Chapman 
& Hall/CRC, pp. 205-235.
Hansen, N. D., Steffensen, F. B., Valkvist, M., Jomaas, G., & Van Coile, R. (2018). A 
fire risk assessment model for residential high-rises with a single stairwell, Fire 
Safety Journal, 95, 160-169.
Heikkila, E. J., & Blewett, E. J. (1992). Using Expert Systems to Check Compliance 
with Municipal Building Codes, Journal o f the American Planning 
Association, 58(1), 72-80.
Hevner, A., March, S. T., Park, J., & Ram, S. (2004). Design Science Research in 
Information Systems, MIS Quarterly, 28(1), 75-105.
274
Hevner, A., & Chatterjee, S. (2010) Design Research in Information Systems Theory 
and Practice New York: Springer.
Hitzler, P., Krotzsch, M., & Rudolph, S. (2010) Foundations o f Semantic Web 
Technologies Boca Raton, Florida: CRC Press.
Hjelseth, E., & Nisbet, N. (2010). Exploring Semantic Based Model Checking. CIB 
W78 2010: 27th International Conference. November 16-18, 2010. Cairo, 
Egypt, 1-11.
Hjelseth, E., & Nisbet, N. (2011). Capturing Normative Constraints by Use of the 
Semantic Mark-Up Rase Methodology. CIB W78-W102 2011: International 
Conference. October 26-28,2011. Sophia Antipolis, France, 1-10.
Hjelseth, E. (2015). Foundations for BIM-based model checking systems. (PhD) 
Thesis, Norwegian University of Life Sciences, Norway.
Hobbs, J. R., & Riloff, E. (2010). Information Extraction. In N. Indurkhya & F. J. 
Damerau (2nd ed.), Handbook o f Natural Language Processing (2nd ed.). 
Boca Raton, Florida: Chapman & Hall/CRC, pp. 511-532.
Holtz, N. M., & Fenves, S. J. (1981). Using Design Specifications for Design 2nd 
ASCE Conference. August 1981. New York, 92-101.
Hossain, M. M., & Ahmed, S. (2019). Developing an automated safety checking 
system using BIM: a case study in the Bangladeshi construction industry, 
International Journal o f Construction Management, 1-19.
Hsu, Y. L., Chou, P. H., Chang, H. C., Lin, S. L., Yang, S. C., Su, H. Y., Chang, C. 
C., Cheng, Y. S., & Kuo, Y. C. (2017). Design and Implementation of a Smart 
Home System Using Multisensor Data Fusion Technology, Sensors (Basel), 
17(7).
Huuskonen, P., & Kaarela, K. (1995). Explaining Plant Design Knowledge Through 
Means-End Modelling, Symbiosis o f Human and Artifact, 20, 417-422.
Hyde, K. F. (2000). Recognising deductive processes in qualitative research, 
Qualitative Market Research: An International Journal, 3(2), 82-90.
ICIS. (2018). Comparison o f OmniClass, Uniclass, Cuneco, CoClass with reference 
to ISO 12006-2 and ISO 81346-12. UK: International Construction 
Information Society (ICIS). Retrieved from https://www.icis.org/wp- 
content/uploads/2018/07/2018 Classification-system-comparison.pdf
275
IFEM, JBPM, PAM, IEM, & ACEM (2006) Guide to Fire Protection in Malaysia 
Kuala Lumpur, Malaysia: The Institution of Fire Engineers (UK) Malaysia 
Branch.
Iivari, J., & Venable, J. R. (2009). Action research and design science research - 
Seemingly similar but decisively dissimilar. European Conference on 
Information Systems (ECIS2009). June 8-10, 2009. Verona, Italy, 73.
Imrie, R. (2007). The Interrelationships between Building Regulations and Architects' 
Practices, Environment and Planning B: Planning and Design, 34(5), 925-943. 
Imrie, R., & Street, E. (2011) Architectural Design and Regulation (1st Edition ed.)
West Sussex, UK: Wiley-Blackwell.
Invicara. (2020). BIM Assure Deliver complete, reliable BIM data. Retrieved October 
7, 2020 from https://invicara.com/technology/bim-assure/
Isa, B. M., & Kamaruzzaman, S. N. (2012) Keselamatan Bangunan dan Kawalan 
Kebakaran (1st ed.) Batu Pahat, Malaysia: Penerbit UTHM.
International Organization for Standardization (2007). ISO 12006-3:2007. Geneva, 
Switzerland:International Organization for Standardization 
International Organization for Standardization (2015). ISO 12006-2:2015. Geneva, 
Switzerland:International Organization for Standardization 
International Organization for Standardization (2018). ISO 19650-1:2018.
Switzerland:International Organization for Standardization 
ISO. (2020a). ISO 12006-2:2015 Building construction — Organization o f  
information about construction works — Part 2: Frameworkfor classification. 
Retrieved August 25, 2020 from https://www.iso.org/standard/61753.html 
ISO. (2020b). ISO/TR 14177:1994 Classification o f information in the construction 
industry. Retrieved August 25, 2020 from
https://www.iso.org/standard/23836.html 
Jamri, M. S., Bohari, Z. H., Baharom, M. F., Jali, M. H., Nasir, M. N. M., & Izzuddin, 
T. A. (2015). Development of Novel Fire Alarm Warning System Using 
Automated Remote Messaging Method, Applied Mechanics and Materials, 
793, 578-584.
Janis, I. L., & Mann, L. (1977) Decision making: A psychological analysis o f conflict, 
choice, and commitment New York: Free Press.
Janssens, M. L. (2003). Basics of Passive Fire Protection. In A. E. Cote, J. R. J. Hall, 
P. A. Powell, & C. C. Grant (Fire Protection Handbook Volumes I  & II
276
(Quincy, Massachusetts: National Fire Protection Association, pp. 2-103 - 102­
118.
Jarvinen, P. (2007). Action Research is Similar to Design Science, Quality & Quantity, 
41(1), 37-54.
JBPM. (2017a). Keperluan Pemasangan Pengesan Asap bagi Rumah Kediaman 
Berdasarkan Kepada Undang-Undang Kecil Bangunan Seragam (UBBL) 
1984 Pindaan 2012. Putrajaya: Jabatan Bomba dan Penyelamat Malaysia.
JBPM. (2017b). Penggunaan Alat Pemadam Api (APA) 6kg dan 9kg. Putrajaya: 
Jabatan Bomba dan Penyelamat Malaysia.
JBPM. (2020a). Keselamatan Kebakaran (Bahagian). Retrieved January 1, 2020 from 
http://www.bomba.gov.my/index.php/pages/view/61?mid=222
JBPM. (2020b). Permohonan Perakuan Pelan Dan Pemeriksaan Bangunan Bagi 
Cadangan Pemajuan Berskala Kecil. Retrieved September 3, 2020 from 
http://www.bomba.gov.my/index.php/pages/view/276
JBPM. (2020c). Senarai Semak Keperluan Mengemukakan Pelan Bangunan. 
Putrajaya: Jabatan Bomba dan Penyelamat Malaysia (JBPM) Retrieved from 
http://www.bomba.gov.my/index.php/pages/view/276.
JBPM. (2020d). Senarai Semak Keperluan Mengemukakan Pelan Mekanikal dan 
Elektrikal. Putrajaya: Jabatan Bomba dan Penyelamat Malaysia (JBPM) 
Retrieved from http://www.bomba.gov.my/index.php/pages/view/276.
Jiang, L., & Leicht, R. M. (2015). Automated Rule-Based Constructability Checking: 
Case Study of Formwork, Journal o f Management in Engineering, 31(1), 
A4014004-4014001 - A4014004-4014010.
Johnson, M. W. (2003). Fundamentals of Safe Building Design. In A. E. Cote, J. R. J. 
Hall, P. A. Powell, & C. C. Grant (Fire Protection Handbook Volumes I  & II 
(Quincy, Massachusetts: National Fire Protection Association, pp. 1-33 - 31­
50.
Jorgensen, K. A. (2011). Classification of Building Object Types - Misconceptions, 
Challenges and Opportunities. CIB W78-W102 2011 International Conference. 
26-28 October. Sophia Antipolis, France, 1-10.
Jotne. (2020). Data Interoperability /  Exchange /  Sharing /  Archiving. Retrieved 
October 8, 2020 from https://jotneit.no/express-data-manager-edm
277
Kai, Q., Xiang, F., Lixin, T., Xu, C.-W., & Diaz-Herrera, J. L. (2010) Software 
Architecture and Design Illuminated Ontario, Canada: Jones and Parlett 
Publishers.
Kasim, T., Li, H., Rezgui, Y., & Beach, T. (2013). Automated Sustainability 
Compliance Checking Process: Proof of Concept. 13th International 
Conference on Construction Applications o f Virtual Reality. 30-31 October. 
London, UK, 11-21.
Kasim, T. (2015). BIM-Based Smart Compliance Checking to Enhance Environmental 
Sustainability. (PhD) Thesis, Cardiff University, Cardiff, Wales, UK.
Katsigarakis, K. I., Giannakis, G. I., Lilis, G. N., & Rovas, D. V. (2019). An IFC data 
preparation workflow for building energy performance simulation. 2019 
European Conference on Computing in Construction. July 10-12, 2019. 
Chania, Crete, Greece, 164-171.
Kerrigan, S., & Law, K. H. (2003). Logic-Based Regulation Compliance-Assistance. 
9th International Conference on Artificial Intelligence and Law (ICAIL '03) . 
24-28 June. Scotland, UK, 126-135.
Khaw, L. T. (2002). Who Is The Ultimate Planning Authority In Malaysia?, Journal 
o f Malaysian and Comparative Law, 29, 283-304.
Khemlani, L. (2005). CORENET e-PlanCheck: Singapore’s automated code checking 
system. Retrieved January 1, 2020 from
http://www.aecbytes.com/buildingthefuture/CORENETePlanCheck.htm
Kim, H., Lee, J. K., Shin, J., & Choi, J. (2017a). BIM-Supported Visual Language to 
Define Building Design Regulations. In P. Janssen, P. Loh, A. Raonic, & M. 
A. Schnabel (Protocols, Flows and Glitches, Proceedings o f the 22nd 
International Conference o f the Association for Computer-Aided Architectural 
Design Research in Asia (CAADRIA) 2017 (Hong Kong: The Association for 
Computer-Aided Architectural Design Research in Asia (CAADRIA), pp. 603­
617.
Kim, H., Lee, J. K., Shin, J., & Kim, J. (2017b). Visual Language-based approach for 
the Definition of Building Permit related rules. 34th International Symposium 
on Automation and Robotics in Construction (ISARC 2017). 28 June - 1 July. 
Taipei, Taiwan,
Kim, H., Lee, J.-K., Shin, J., & Choi, J. (2019). Visual language approach to 
representing KBimCode-based Korea building code sentences for automated
278
rule checking, Journal o f Computational Design and Engineering, 6(2), 143­
148.
Kim, I., Jang, J., & Choi, J. (2016). Development of Pre-Specification for BIM-based 
Automated Building Code Checking, Transactions of the Society of CAD/CAM 
Engineers, 21(1), 31-41.
Kim, J., Lee, J.-K., Shin, J., & Kim, H. (2017c). Classification of objects and their 
properties defined in Korea Building Act to translate into KBimCode and their 
application. 34th International Symposium on Automation and Robotics in 
Construction (ISARC 2017). Taiwan, 1-8.
Kincelova, K., Boton, C., Blanchet, P., & Dagenias, C. (2019). BIM-Based Code 
Compliance Checking for Fire Safety in Timber Buildings: A Comparison of 
Existing Tools. Canadian Society for Civil Engineering 12-15 June. Canada, 
CON226-221 - CON226-210.
Kincelova, K., Boton, C., Blanchet, P., & Dagenais, C. (2020). Fire Safety in Tall 
Timber Building: A BIM-Based Automated Code-Checking Approach, 
Buildings, 10(7), 121.
Koch, C., & Jacobsen, K. (2014). Computerized Information Standards Enabling 
Innovation in Public Procurement of Buildings, Information and Knowledge 
Design and Evaluation, 373-383.
Koo, B., & Shin, B. (2018). Applying novelty detection to identify model element to 
IFC class misclassifications on architectural and infrastructure Building 
Information Models, Journal of Computational Design and Engineering, 5(4), 
391-400.
KPKT. (2008). Upgrading o f the Procedure on the Delivery System and Development 
Plan Process and the Implementation o f the One Stop Centre. Putrajaya: 
Kementerian Perumahan dan Kerajaan Tempatan.
KPKT. (2014). Seminar Pemantapan Pemahaman Kepada Model Baru OSC 3.0 Unit 
Pusat Setempat (OSC). Putrajaya: Jabatan Kerajaan Tempatan, Kementerian 
Perumahan dan Kerajaan Tempatan.
KPKT (2019) Manual OSC 3.0 Plus Proses and Prosedur Cadangan Pemajuan Serta 
Pelaksanaan Pusat Setempat (OSC) (1st ed.) Putrajaya: Jabatan Kerajaan 
Tempatan, Kementerian Perumahan dan Kerajaan Tempatan Putrajaya.
Laiserin, J. (2002). Comparing Pommes and Naranjas. The LAISERINLetterTM 15.
LAM (2015a) Act 117 Architects Act 1967.
279
LAM (2015b) Architects Rules 1996.
Landry, M., Malouin, J.-L., & Oral, M. (1983). Model validation in operations 
research, European Journal o f Operational Research, 14, 207-220.
Lasskso, M., & Kiviniemi, A. (2012). The IFC standard: A review of History, 
development, and standardization, Information Technology, ITcon, 17(9), 134­
161.
Lataille, J. I. (2003) Fire Protection Engineering in Building Design MA, US: 
Butterworth-Heinemann.
Lathrop, J. K. (2003). Concepts of Egress Design. In A. E. Cote, J. R. J. Hall, P. A. 
Powell, & C. C. Grant (Fire Protection Handbook Volumes I  & II  (Quincy, 
Massachusetts: National Fire Protection Association, pp. 4-57 - 54-82.
Latiffi, A. A., Mohd, S., Kasim, N., & Fathi, M. S. (2013). Building Information 
Modeling (BIM) Application in Malaysian Construction Industry, 
International Journal o f Construction Engineering and Management, 2(4A), 
1-6.
Le, M. A. T., Mohus, F., Kvarsvik, O. K., & Lie, M. (2006). The HITOS Project - A 
Full Scale IFC Test, eWork and eBusiness in Architecture, Engineering and 
Construction, 191-195.
Lee, G., Sacks, R., & Eastman, C. M. (2006). Specifying parametric building object 
behavior (BOB) for a building information modeling system, Automation in 
Construction, 15(6), 758-776.
Lee, G., Won, J., Ham, S., & Shin, Y. (2011a). Metrics for Quantifying the Similarities 
and Differences between IFC Files, Journal o f Computing in Civil 
Engineering, 25(2), 172-181.
Lee, H., Lee, J.-K., Park, S., & Kim, I. (2016). Translating building legislation into a 
computer-executable format for evaluating building permit requirements, 
Automation in Construction, 71, 49-61.
Lee, J. K. (2011). Building Environment Rule and Analysis (BERA) Language. (PhD) 
Thesis, Georgia Institute of Technology, Atlanta, Georgia, US.
Lee, J. M. (2010). Automated Checking o f Building Requirements on Circulation Over 
a Range o f Design Phases. (PhD) Thesis, Georgia Institute of Technology.
Lee, J. S., Pries-Heje, J., & Barskerville, R. (2011b). Theorizing in Design Science 
Research Servie-Oriented Perspectives in Design Science Research (London: 
Springer, pp. 1-16.
280
Lee, Y.-C., Eastman, C., & Lee, J.-K. (2015). Validations for ensuring the 
interoperability of data exchange of a building information model, Automation 
in Construction, 58, 176-195.
Lee, Y.-C., Ghannad, P., Shang, N., & Eastman, C. (2018). Graphical Scripting 
Approach Integrated with Speech Recognition for BIM-Based Rule Checking. 
Construction Research Congress 2018. 2-4 April. New Orleans, Louisiana, 
262-272.
Li, S., & Cai, H. (2015). Automated Underground Utility Mapping and Compliance 
Checking Using NLP-Aided Spatial Reasoning. 2015 International Workshop 
on Computing in Civil Engineering. 21-23 June. Austin, Texas, 419-426.
Liddy, E. D. (2001). Natural Language Processing2nd ed.), Encyclopedia o f Library 
and Information Science (2nd ed.). New York: Marcel Decker, Inc.
Lincoln, Y. S., & Guba, E. G. (1985) Naturalistic inquiry Thousand Oaks, CA: SAGE.
Lopez, L. A., Elam, S. L., & Christopherson, T. (1984). SICAD: A Prototype 
Implementation System for CAD. A symposium o f ASCE Convention 
(Computer Aided Design in Civil Engineering). 3-4 October. San Francisco, 
US, 84-94.
Lopez, L. A., Elam, S., & Reed, K. (1989). Software concept for checking engineering 
designs for conformance with codes and standards, Engineering with 
Computers, 78, 63-78.
Lovreglio, R., Ronchi, E., & Nilsson, D. (2016). An Evacuation Decision Model based 
on perceived risk, social influence and behavioural uncertainty, Simulation 
Modelling Practice and Theory, 66(April), 226-242.
LSC. (2010). EXPRESS ISO 10303-11A White Paper on Enabling Open Information 
Systems. UK: LSC Group. Retrieved from
https://jotneit.no/images/pdf/EXPRESS White Paper.pdf
Luo, H., & Gong, P. (2014). A BIM-based Code Compliance Checking Process of 
Deep Foundation Construction Plans, Journal o f Intelligent & Robotic Systems, 
79(3-4), 549-576.
Luttun, J., & Krijnen. (2020). An Approach for Data Extraction, Validation and 
Correction Using Geometrical Algorithms and Model View Definitions on 
Building Models. In E. T. Santos & S. Scheer (Proceedings o f the 18th 
International Conference on Computing in Civil and Building Engineering 
ICCCBE 2020 (Switzerland: Springer, pp. 529-543.
281
Lynn, M. R. (1986). Determination and Quantification of Content Validity, Nursing 
Research, 35(6), 382-386.
Ma, L., Sacks, R., Kattel, U., & Bloch, T. (2018). 3D Object Classification Using 
Geometric Features and Pairwise Relationships, Computer-Aided Civil and 
Infrastructure Engineering, 33(2), 152-164.
Macit, S., ilal, M. E., & Gunaydin, H. M. (2013). izmir Municipality Housing and 
Zoning Code Analysis and Representation for Compliance Checking. 20th 
European Group for Intelligent Computing in Engineering (EG-ICE) 
International Workshop 1-3 July. Vienna, Austria, 1-10.
Macit, S., ilal, M. E., Suter, G., & Gunaydin, H. M. (2015). A Hybrid Model for 
Building Code Representation Based on Four-Level and Semantic Modeling 
Approaches 32nd CIB W78 Conference 2015. 26-29 October. Eindhoven, The 
Netherlands, 518-526.
Macit, S., ilal, M. E., & Gunaydin, H. M. (2017). Computer representation of building 
codes for automated compliance checking, Automation in Construction, 82, 
43-58.
Maher, M. L. (1985). HI-RISE and beyond: directions for experts in design, Computer- 
Aided Design, 17(9), 420-427.
Maher, M. L. (1987). Expert Systems for Structural Design, Journal o f Computing in 
Civil Engineering, 1(4), 270-283.
Majid, M. Y. A., Seang, G. S., & Lee, L. L. (2018). Warehousing Services in Malaysia. 
In J. Gross & P. S. J. Intal (Reducing Unnecessary Regulatory Burdens in 
ASEAN Country Studies (Jakarta, Indonesia: Economic Research Institute for 
ASEAN and East Asia, pp. 176-209.
Malaysia (2006) Town and Country Planning Act 1976, Act 172.
Malaysia (2008) Buildings Ordinance, 1994.
Malaysia (2015) Uniform Building By-Laws 1984, G.N. 5178/85.
Malaysia (2017) Street, Drainage and Building Act 1974, Act 133.
Malaysia (2018) Fire Services Act 1988 (Act 341), P.U. (B) 701/1988).
Malaysia (2019a) Environmental Quality Act 1974 (Act 127), Regulations, Rules & 
Orders.
Malaysia (2019b) National Land Code (Act 56 o f1965) & Regulations.
282
Malsane, S., Matthews, J., Lockley, S., Love, P. E. D., & Greenwood, D. (2015). 
Development of an object model for automated compliance checking, 
Automation in Construction, 49, 51-58.
Maluk, C., Woodrow, M., & Torero, J. L. (2017). The potential of integrating fire 
safety in modern building design, Fire Safety Journal, 88, 104-112.
MANANDMACHINE. (2020). Solibri Model Checker. Retrieved October 8, 2020 
from https: //www .manandmachine .co.uk/product/ solibri/
Manning, C. D., Raghavan, P., & Schutze, H. (2008) Introduction to Information 
Retrieval Cambridge, UK: Cambridge University Press.
Mansor, H., Sahol Hamid, Y., Suliman, N. H., Ahmad, N., & Hamzah, N. (2019). 
Evacuation egress in high rise building: Review of the current design 
evacuation solution, MATEC Web o f Conferences, 258, 03012-03011 - 03012­
03019.
March, S. T., & Smith, G. F. (1995). Design and natural science research on 
information technology, Decision Support Systems, 15, 251-266.
Martin, J., & Odell, J. (1998) Object-oriented methods A Foundation New Jersey, US: 
Prentice Hall.
Martins, J. P., & Abrantes, V. (2010). Automated Code-Checking as a Driver of BIM 
Adoption, International Journal o f Housing Science, 34(4), 286-294.
Martins, J. P., & Monteiro, A. (2013). LicA: A BIM based automated code-checking 
application for water distribution systems, Automation in Construction, 29(23), 
12-23.
Mayring, P. (2004). Qualitative Content Analysis. In U. Flick, E. V. Kardorff, & S. 
Ines (1st ed.), A Companion to Qualitative Research (1st ed.): SAGE 
Publications.
McGrattan, K., Hostikka, S., Floyd, J., McDermott, R., & Vanella, M. (2004) Fire 
Dynamics Simulator User's Guide (6th ed.) US: National Institute of Standards 
and Technology.
Melzner, J., Zhang, S., Teizer, J., & Bargstadt, H.-J. (2013). A case study on automated 
safety compliance checking to assist fall protection design and planning in 
building information models, Construction Management and Economics, 
31(6), 661-674.
Merriam, S. B., & Tisdell, E. J. (2015) Qualitative Research: A Guide to Design and 
Implementation (4th ed.) San Francisco, CA: John Wiley & Sons.
283
Merriam, S. B., & Tisdell, E. J. (2016) Qualitative Research A Guide to Design and 
Implementation (4th ed.) California: Jossey-Bass A Wiley Brand.
Merritt, F. S., & Ambrose, J. (1990) Building Engineering and Systems Design (2nd 
ed.) New York: Van Norstrand Reinhold.
MHC. (2014). The Business Value o f BIMfor Construction in Major Global Markets: 
How contractors around the world are driving innovation with Building 





MOLIO. (2020a). Generel information Implementation o f CCS in software. Retrieved 
August 26, 2020 from https://ccs.molio.dk/News/CCS%20i%20softwaren 
MOLIO. (2020b). Generel Information What is CCS? Retrieved August 25, 2020 from 
https://ccs.molio.dk/News/About CCS 
Monteiro, A., & Martin, J. (2013). A survey on modeling guidelines for quantity 
takeoff-oriented BIM-based design, Automation in Construction, 35, 238-253. 
Moradi, H., Sebt, M. H., & Shakeri, E. (2018). Toward improving the quality 
compliance checking of urban private constructions in Iran: An ontological 
approach, Sustainable Cities and Society, 38, 137-144.
MPC. (2016). Reducing Unnecessary Regulatory Burdens on Business: Construction 
(June 2016). Selangor, Malaysia: Malaysia Productivity Corporation. 
Retrieved from http://www.mpc.gov.my/reducing-unnecessary-regulatory- 
burdens-rurb-2/
Muheden, K., Erdem, E., & Van^in, S. (2016). Design and Implementation of the 
Mobile Fire Alarm System Using Wireless Sensor Networks. 17th IEEE 
International Symposium on Computational Intelligence and Informatics. 17­
19 November 2019. Budapest, Hungary, 000243-000246. 
myBIM. (2020). BIM Module Training. Retrieved August 13, 2020 from 
https://mybim.cidb.gov.my/product-category/training/bim-module-training/ 
Myers, L., Snyder, J., & Chirica, L. (1992). Database Usage in a Knowledgebase 
Environment for Building Design, Building and Environment, 27(2), 231-241. 
Myers, M. D., & Avison, D. (2002) Qualitative Research in Information Systems A 
Reader (1st ed.) London, UK: SAGE Publication.
284
Nawari, N. O. (2012a). Automating Codes Conformance, Journal o f Architectural 
Engineering, 18(4), 315-323.
Nawari, N. O. (2012b). The challenge of computerizing building codes in a BIM 
environment, Computing in Civil Engineering, 1, 285-292.
Nawari, N. O. (2018) Building Information Modeling Automated Code Checking and 
Compliance Processes (1st Edition ed.) Boca Raton, Florida: CRC Press. 
Nawari, N. O. (2019). A Generalized Adaptive Framework for Automating Design 
Review Process: Technical Principles Advances in Informatics and Computing 
in Civil and Construction Engineering (Switzerland: Springer, pp. 405-414. 
NBS. (2020a). NBS National BIM Library - IFC. Retrieved August 23, 2020 from 
https://www.nationalbimlibrary.com/en/ifc/
NBS. (2020b). What is Uniclass 2015? Retrieved August 26, 2020 from 
https://www.thenbs.com/knowledge/what-is-uniclass-2015 
Nguyen, T. H., & Kim, J. L. (2011). Building code compliance checking using BIM 
technology. Proceedings - Winter Simulation Conference. 11-14 December. 
Arizona, US, 3395-3400.
National Institute of Building Sciences buildingSMART alliance® (2015). National 
BIM Standard-United States® Version 3. Washington, DC:National Institute 
of Building Sciences buildingSMART alliance®
Niwa, K. (1989). Use of artificial intelligence confirming compliance to building codes 
during process of making architectural drawings, Future Generation Computer 
Systems, 5(1), 129-130.
Nova. (2020a). Nova Awarded RM15 million Contract by Public Utilities Booard In 
Singapore. Retrieved August 23, 2020 from https://www.nova-
hub.com/novanews/nova-awarded-rm15-million-contract-by-public-utilities- 
board-in-singapore/
Nova. (2020b). Singapore CORENET - Construction and Real Estate Network.
Retrieved January 1, 2020 from http://www.nova-hub.com/e-government/ 
O'Keefe, R. M., Balci, O., & Smith, E. P. (1986). Validation o f Expert System 
Performance. Blacksburg, Virginia: Department of Computer Science, 
Virginia Polytechnic Institute and State University. Retrieved from 
https://vtechworks.lib.vt.edu/handle/10919/19914 
O'Keefe, R. M. (1993). Expert system verification and validation: a survey and tutorial, 
Artificial Intelligence Review, 7, 3-42.
285
Office, C. (2011). Government Construction Strategy. United Kingdom: Cabinet 
Office, Government of the United Kingdom. Retrieved from 
https://www.gov.uk/government/publications/government-construction-
strategy
Okoli, C., & Pawlowski, S. D. (2004). The Delphi method as a research tool: an 
example, design considerations and applications, Information & Management, 
42(1), 15-29.
Omari, A., & Roy, G. G. (1993). A representational scheme for design code 
information in an expert systems approach to building design, Computing 
Systems in Engineering, 4(2-3), 253-269.
OpenFOAM. (2020). OpenFOAM and The OpenFOAM Foundation. Retrieved 
September 12, 2020 from https://openfoam.org/
OSHA (2013) Safety and Health Regulations for Construction - Concrete and 
Masonry Construction, 1926.706.
Othman, I., Al-Ashmori, Y. Y., Rahmawati, Y., Mugahed Amran, Y. H., & Al-Bared, 
M. A. M. (2020). The level of Building Information Modelling (BIM) 
Implementation in Malaysia, Ain Shams Engineering Journal(June 2020).
Ozel, F. (2001). Time pressure and stress as a factor during emergency egress, Safety 
Science, 38, 95-107.
Palmer, D. D. (2010). Text Preprocessing. In N. Indurkhya & F. J. Damerau (2nd ed.), 
Handbook o f Natural Language Processing (2nd ed.). Boca Raton, Florida: 
Chapman & Hall/CRC, pp. 9-30.
Panteli, C., Polycarpou, K., Morsink-Georgalli, F. Z., Stasiuliene, L., Pupeikis, D., 
Jurelionis, A., & Fokaides, P. A. (2020). Overview of BIM integration into the 
Construction Sector in European Member States and European Union Acquis, 
IOP Conference Series: Earth and Environmental Science, 410, 012073.
Park, J. W., & Lee, Y. G. (2013). Developing a Performance-Based Design System 
with Semantic Interoperability. In C. Stephanidis (Posters, Part I, H C II2013, 
CCIS373 (Berlin, Heidelberg: Springer, pp. 69-73.
Park, S., Lee, H., Lee, S., Shin, J., & Lee, J. K. (2015). Rule Checking Method- 
centered Approach to Represent Building Permit Requirements ISARC. 
Proceedings o f the International Symposium on Automation and Robotics in 
Construction (Waterloo: IAARC Publications, pp. 1-8.
286
Park, S., & Lee, J.-K. (2016). KBimCode-based Applications for the Representation, 
Definition and Evaluation of Building Permit Rules. 33rd International 
Symposium on Automation and Robotics in Construction (ISARC 2016). 
Alabama, US, 1-8.
Park, S., Lee, J.-K., & Kim, I. (2016). Development of High-level Method for 
Representing Explicit Verb Phrases of Building Code Sentences for the 
Automated Building Permit System of Korea, Korean Journal of 
Computational Design and Engineering, 21(3), 313-324.
Pam, E. A., Edwards, D. J., & Sing, M. C. P. (2017). The building information 
modelling trajectory in facilities management: A review, Automation in 
Construction, 75, 45-55.
Patton, M. Q. (2015) Qualitative Research & Evaluation Methods Integrating Theory 
and Practice (4th ed.) Thousand Oaks, California: SAGE Publications.
Paul, W. J. (1984). Computer Aided Design of Reinforced Concrete. A symposium o f  
ASCE Convention (Computer Aided Design in Civil Engineering). 3-4 October 
1984. San Francisco, US, 107-113.
Pauwels, P., Van Deursen, D., Verstraeten, R., De Roo, J., De Meyer, R., Van de 
Walle, R., & Van Campenhout, J. (2011). A semantic rule checking 
environment for building performance checking, Automation in Construction, 
20(5), 506-518.
Pauwels, P., & Zhang, S. (2015). Semantic rule-checking for regulation compliance 
checking: an overview of strategies and approaches. 32nd International CIB 
W78 conference. 26-29 October. Eindhoven, Netherlands, 619-628.
Pauwels, P., Zhang, S., & Lee, Y.-C. (2017a). Semantic web technologies in AEC 
industry: A literature overview, Automation in Construction, 73, 145-165.
Pauwels, P., de Farias, T. M., Zhang, C., Roxin, A., Beetz, J., De Roo, J., & Nicolle, 
C. (2017b). A performance benchmark over semantic rule checking approaches 
in construction industry, Advanced Engineering Informatics, 33, 68-88.
Peffers, K., Tuunanen, T., Rothenberger, M. A., & Chatterjee, S. (2007). A Design 
Science Research Methodology for Information Systems Research, Journal of 
Management Information Systems, 24(3).
Pesquera, C. I., Hanna, S. L., & Abel, J. F. (1984). Advanced Graphical CAD System 
for 3D Steel Frames. A symposium o f ASCE Convention (Computer Aided 
Design in Civil Engineering). 3-4 October 1984. San Francisco, US, 83-91.
287
Piera, P. J. Y., & Salva, J. K. G. (2019). A Wireless Sensor Network for Fire Detection 
and Alarm System. 7th International Conference on Information and 
Communication Technology (ICoICT) . 24-26 July 2019. Kuala Lumpur, 
Malaysia, 1-5.
Pierce, C. S. (1958) Collected Papers o f Charles Sanders Peirce (1931-1958) 
Cambridge, MA: Harvard University Press.
Plume, J., & Mitchell, J. (2007). Collaborative design using a shared IFC building 
model—Learning from experience, Automation in Construction, 16(1), 28-36.
Preidel, C., & Borrmann, A. (2015). Automated Code Compliance Checking Based on 
a Visual Language and Building Information Modeling. Proceedings o f the 
32nd International Symposium o f Automation and Robotics in Construction. 
15-18 June. Oulu, Finland, 1-8.
Preidel, C., & Borrmann, A. (2016). Towards Code Compliance Checking on the Basis 
of a VIsual Programming Language, ITcon, 21, 402-421.
Preidel, C., & Borrmann, A. (2017a). Refinement of the Visual Code Checking 
Language for an Automated Checking of Building Information Models 
Regarding Applicable Regulations. ASCE International Workshop on 
Computing in Civil Engineering 2017. June 25-27, 2017. Seattle, Washington, 
157-165.
Preidel, C., Daum, S., & Borrmann, A. (2017b). Data retrieval from building 
information models based on visual programming, Visualization in 
Engineering, 5(1).
Preidel, C., & Borrmann, A. (2018). BIM-Based Code Compliance Checking Building 
Information Modeling (US: Springer, pp. 367-381.
Pressman, A. (2012) Designing Architecture The Elements o f Process (1st Edition ed.) 
Oxfordshire, UK: Routledge.
Proulx, G. (1993). A Stress Model for People Facing A Fire, Journal o f Enivronmental 
Psychology, 13, 137-147.
Purkiss, J. A., & Li, L.-y. (2014) Fire Safety Engineering Design o f Structures (3rd 
ed.) Florida, US: CRC Press.




Ramli, Y. (2011) Sistem Pencegahan Kebakaran (1st ed.) Johor Bahru, Malaysia: 
Penerbit UTM Press.
RIBA (2013) RIBA Plan o f Work 2013 Overview London, UK: RIBA.
RIBA (2020) RIBA Plan o f Work 2020 Overview London, UK: RIBA
Robertson, L. A. (2007) Simple Program Design A Step-by-Step Approach Sydney, 
Australia: Thomson Course Technology.
Rosenman, M. A., Gero, J. S., & Oxman, R. (1986). An expert system for design codes 
and design rules Applications o f artificial intelligence in engineering problems 
(Berlin, Heidelberg: Springer, pp. 745-758.
Sacks, R., Ma, L., Yosef, R., Borrmann, A., Daum, S., & Kattel, U. (2017). Semantic 
Enrichment for Building Information Modeling: Procedure for Compiling 
Inference Rules and Operators for Complex Geometry, Journal o f Computing 
in Civil Engineering, 31(6), 04017062.
Sacks, R., Bloch, T., Katz, M., & Yosef, R. (2019). Automating Design Review with 
Artificial Intelligence and BIM: State of the Art and Research Framework. 
ASCE International Conference on Computing in Civil Engineering 2019. June 
17-19, 2019. Altanta, Georgia, 353-360.
Salama, D. M., & El-Gohary, N. M. (2011). Semantic Modeling for Automated 
Compliance Checking, Computing in Civil Engineering, 641-648.
Salama, D. M., & El-Gohary, N. M. (2013a). Automated Compliance Checking of 
Construction Operation Plans Using a Deontology for the Construction 
Domain, Journal o f Computing in Civil Engineering, 27(6), 681-698.
Salama, D. M., & El-Gohary, N. M. (2013b). Semantic Text Classification for 
Supporting Automated Compliance Checking in Construction, Journal o f 
Computing in Civil Engineering, 30(1), 04014106.
Santos, R., Costa, A. A., & Grilo, A. (2017). Bibliometric analysis and review of 
Building Information Modelling literature published between 2005 and 2015, 
Automation in Construction, 80, 118-136.
Saunders, M., Lewis, P., & Thornhill, A. (2009) Research Methods for Business 
Students (5th ed.) England: Pearson Education Limited.
Savoy, J., & Gaussier, E. (2010). Information Retrieval. In N. Indurkhya & F. J. 
Damerau (2nd ed.), Handbook o f Natural Language Processing (2nd ed.). 
Boca Raton, Florida: Chapman & Hall/CRC, pp. 455-484.
289
Schreier, M. (2014). Qualitative Content Analysis. In U. Flick (The SAGE Handbook 
of Qualitative Data Analysis (Thousand Oaks, CA: SAGE Publications.
Shaw, M., & Garlan, D. (1996) Software Architecture: Perspectives on an Emerging 
Discipline New Jersey: Prentice Hall.
Shih, S.-Y., Sher, W., & Giggins, H. (2013). Assessment of the building code of 
Australia to inform the development of BIM-enabled code checking system. 
Proceedings o f the 19th World Building Congress: Construction and Society. 
5-9 May. Brisbane, Australia, 1-12.
Shih, S.-Y., & Sher, W. (2014). Development of Building Information Modelling 
Enabled Code Checking Systems for Australia. In J. Wang, Z. Ding, L. Zou, & 
J. Zuo (Proceedings o f the 17th International Symposium on Advancement o f  
Construction Management and Real Estate (Berlin, Heidelberg: Springer, pp. 
1003-1010.
Shuaib, M. M. (2018). Incorporating intelligence for typical evacuation under the 
threat of fire spreading, Safety Science, 106(March), 1-9.
Siebelink, S., Voordijk, H., Endedijk, M., & Adriaanse, A. (2020). Understanding 
barriers to BIM implementation: Their impact across organizational levels in 
relation to BIM maturity, Frontiers o f Engineering Management.
SIMBIM. (2020). SOLIBRI. Retrieved October 8, 2020 from
https://simbim.es/en/solibri/24-148-solibri-model-checker.html#/30- 
maintenance-include maintenance service
Simon, H. A. (1996) The Sciences o f the Artificial (3rd ed.) Massachusetts, US: MIT 
Press.
Singleton Jr, R., Straits, B. C., Straits, M. M., & McAllister, R. J. (1999) Approaches 
to social research (3rd ed.) New York: Oxford University Press.
Singleton, R. A., Straits, B. C., Straits, M. M., & McAllister, R. J. (1999) Approaches 
to social research (3rd ed.) New York: Oxford University Press.
Sinha, S., Sawhney, A., Borrmann, A., & Ritter, F. (2013). Extracting Information 
from Building Information Models for Energy Code Compliance of Building 
Envelope. The Construction, Building and Real Estate Research Conference 
o f the Royal Institution o f Chartered Surveyors (RICS COBRA 2013). 10-12 
September. New Delhi, India, 1-8.
290
Sinoh, S. S., Othman, F., & Ibrahim, Z. (2020). Critical success factors for BIM 
implementation: a Malaysian case study, Engineering, Construction and 
Architectural Management(May 2020).
Smith, D. K., & Tardiff, M. (2009) Building Information Modeling A Strategi 
Implementation Guide for Architects, Engineers, Constructors, and Real 
Estate Asset Managers Hoboken, New Jersey: John Wiley & Sons.
Smith, R. L. (1991). EXPOSURE: An expert system fire code, Fire Technology, 27, 
145-159.
Solibri. (2020a). Did you hear we now offer subscription? Retrieved October 8, 2020 
from https: //www .solibri .com/ subscripti on
Solibri. (2020b). How it works. Retrieved January 12, 2020 from
https: //www .solibri .com/how-it-works
Solihin, W., & Eastman, C. (2015). Classification of rules for automated BIM rule 
checking development, Automation in Construction, 53, 69-82.
Solihin, W., & Eastman, C. (2016). A Knowledge Representation Approach in BIM 
Rule Requirement Analysis using the Conceptual Graph, ITcon, 21, 370-402.
Solihin, W., Eastman, C., & Lee, Y.-C. (2017). Multiple representation approach to 
achieve high-performance spatial queries of 3D BIM data using a relational 
database, Automation in Construction, 81, 369-388.





Son, J., Jo, S., Jung, S.-K., & Kim, H.-T. (2019). Ultralow Power Wireless-Fire- 
Alarm-System using a VO2-Based Metal-Insulator-Transition Device. 16th 
Annual IEEE International Conference on Sensing, Communication, and 
Networking (SECON). 10-13 June 2019. Boston, MA, USA, 1-2.
Song, J.-K., & Ju, K.-B. (2013). Development of Rule for Quality Checking Items to 
Raise Quality of BIM Model -Focusing on the Domestic BIM Guidelines, 
Korean Journal o f Construction Engineering and Management, 14(5), 131­
143.
Song, J., Kim, J., & Lee, J.-K. (2018a). NLP and Deep Learning-based Analysis of 
Building Regulations to support Automated Rule Checking System. 35th
291
International Symposium on Automation and Robotics in Construction 
(ISARC, 2018). Berlin, Germany, Paper 133.
Song, J., Kim, J. S., Kim, H., Choi, J., & Lee, J. K. (2018b). Approach to Capturing 
Design Requirements from the Existing Architectural Documents using 
Natural Language Processing Technique. In T. Fukuda, W. Huang, P. Janssen, 
K. Crolla, & S. Alhadidi (Learning, Adapting and Prototyping, Proceedings o f  
the 23rd International Conference o f the Association for Computer-Aided 
Architectural Design Research in Asia (CAADRIA) 2018 (Hong Kong: 
Association for Computer-Aided Architectural Design Research in Asia 
(CAADRIA), pp. 247-254.
Song, J., Kim, J., & Lee, J. K. (2019). Converting KBimCode into an Executable Code 
for the Automated Design Rule Checking System. In M. Haeusler, M. A. 
Schnabel, & T. Fukuda (Intelligent & Informed, Proceedings o f the 24th 
International Conference o f the Association for Computer-Aided Architectural 
Design Research in Asia (CAADRIA) 2019 (Hong Kong: Association for 
Computer-Aided Architectural Design Research in Asia (CAADRIA), pp. 795­
804.
Song, J., Lee, J.-K., Choi, J., & Kim, I. (2020). Deep learning-based extraction of 
predicate-argument structure (PAS) in building design rule sentences, Journal 
o f Computational Design and Engineering, 7, 1-14.
Sowa, J. F. (1976). Conceptual Graphs for a Data Base Interface, IBM Journal o f  
Research and Development, 20(4), 336-357.
Stahl, F. I., Wright, R. N., Fenves, S. J., & Harris, J. R. (1983). Expressing standards 
for computer-aided building design, Computer-Aided Design, 15(6).
Statsbygg. (2020a). BOS in Statsbygg. Retrieved August 23, 2020 from 
https://www.statsbygg.no/oppgaver/bygging/bim/
Statsbygg. (2020b). SIMBA 1.3. Retrieved August 23, 2020 from
https://sites.google.com/view/simba-bim-krav/simba-1-3
Stein, B., Reynolds, J. S., Grondzik, W. T., & Kwok, A. G. (2006) Mechanical and 
Electrical Equipment for Buildings (10th ed.) New Jersey: John Wiley and 
Sons.
Sun, Q., & Turkan, Y. (2020). A BIM-based simulation framework for fire safety 
management and investigation of the critical factors affecting human 
evacuation performance, Advanced Engineering Informatics, 44, 101093.
292
Tan, X., Hammad, A., & Fazio, P. (2010). Automated Code Compliance Checking for 
Building Envelope Design, Journal of Computing in Civil Engineering, 
24(April), 203-211.
Tang, S., Shelden, D. R., Eastman, C. M., Pishdad-Bozorgi, P., & Gao, X. (2019). A 
review of building information modeling (BIM) and the internet of things (IoT) 
devices integration: Present status and future trends, Automation in 
Construction, 101, 127-139.
Tewarson, A., Chin, W., & Shuford, R. (2003). Materials Specifications, Standards, 
and Testing. In C. A. Harper (Handbook o f Building Materials fo r  Fire 
Protection (New York, US: McGraw-Hill.
Thunderhead. (2020). Agent Based Evacuation Simulation. Retrieved September 12, 
2020 from https://www.thunderheadeng.com/pathfinder/
Trimble. (2013). Tekla History Retrieved from
https://www.slideshare.net/Tekla/tekla-history 
Trimble. (2020a). Compatible file formats and software with Tekla Structures. 
Retrieved August 13, 2020 from
https://teklastructures.support.tekla.com/2020/en/int compatible software 
Trimble. (2020b). Tekla Structures. Retrieved August 13, 2020 from
https://www.tekla.com/products/tekla-structures 
Trimble. (2020c). Tekla Structures Interoperability and Partners. Retrieved August 
13, 2020 from https://www.tekla.com/products/tekla-structures/partners 
Trimble. (2020d). Tekla Structures Open API. Retrieved August 13, 2020 from 
https://developer.tekla.com/tekla-structures/tekla-open-api 
Trochim, W., & Donnelly, J. P. (2006) The Research Methods Knowledge Base 
Massachusetts, United States: Cengage Learning.
Tunstall, G. (2006) Managing The Building Design Process (2nd ed.) Burlington, US: 
Elsevier Ltd.
Vaishnavi, V., & Kuechler, B. (2008) Design Science Research Methods and Patterns 
Innovating Information and Communication Technology Florida, US: 
Auerbach Publications. 
van Nederveen, G. A., & Tolman, F. P. (1992). Modelling multiple views on buildings, 
Automation in Construction, 1(3), 215-224.
Von Bertalanffy, L. (1972). The History and Status of General Systems Theory, 
Academy o f Management Journal, 15, 407-426.
293
W3C. (2020a). OWL 2 Web Ontology Language Document Overview (Second 
Edition). Retrieved January 13, 2020 from https://www.w3.org/TR/2012/REC- 
owl2-overview-20121211/
W3C. (2020b). RDF 1.1 Primer. Retrieved January 13, 2020 from
https://www.w3.org/TR/rdf11 -primer/
W3C. (2020c). SWRL: A Semantic Web Rule Language Combining OWL andRuleML. 
Retrieved October 14 from https://www.w3.org/Submission/SWRL/
Wang, Z., Jia, F., Galea, E. R., & Choi, J.-H. (2017). A forensic analysis of a fatal fire 
in an indoor shooting range using coupled fire and evacuation modelling tools, 
Fire Safety Journal, 91 (April), 892-900.
Watts, J. M. J. (2003). Fundamentals of Fire-Safe Building Design. In A. E. Cote, J. 
R. J. Hall, P. A. Powell, & C. C. Grant (Fire Protection Handbook Volumes I  
& II  (Quincy, Massachusetts: National Fire Protection Association, pp. 2-37 - 
32-49.
Weber, S. (2012). Comparing Key Characteristics Of Design Science Research As An 
Approach And Paradigm. Pacific Asia Conference on Information Systems 
(PACIS 2012). 11-15 July. Ho Chi Minh City, Vietnam, Paper 180.
Weir, T. S., Richardson, J. D., Wing, E., & Harrington, D. J. (2009) Mastering Revit 
Structure (1st ed.) Indianapolis, Indiana: Wiley Publishing.
Wix, J., Nisbet, N., & Liebich, T. (2009). Using constraints to validate and check 
building information models. In A. Zarli & R. Scherer (eWork and eBusiness 
in Architecture, Engineering and Construction (ECPPM 2008) (Boca Raton, 
Florida: CRC Press, pp. 467-476.
Woodbury, R., Burrow, A., Drogemuller, R., & Sambit, D. (2000). Code Checking by 
Representation Comparison. Fifth Conference on Computer Aided 
Architectural Design Research in Asia (CAADRIA). 18-19 May 2000. 
Singapore, 1-10.
Wu, J., & Zhang, J. (2019). New Automated BIM Object Classification Method to 
Support BIM Interoperability, Journal o f Computing in Civil Engineering, 
33(5), 04019033.
Xu, X., & Cai, H. (2020). Semantic approach to compliance checking of underground 
utilities, Automation in Construction, 109, 103006.
294
Xue, X., & Zhang, J. (2020). Building Codes Part-of-Speech Tagging Performance 
Improvement by Error-Driven Transformational Rules, Journal o f Computing 
in Civil Engineering, 34(5), 04020035-04020031 - 04020035-04020010.
Yang, L., Cheng, J. C. P., & Wang, Q. (2020). Semi-automated generation of 
parametric BIM for steel structures based on terrestrial laser scanning data, 
Automation in Construction, 112, 103037.
Yang, Q. Z., & Li, X. (2001). Representation and Execution of Building Codes for 
Automated Code Checking Computer Aided Architectural Design Futures 
2001 (Dordrecht: Springer, pp. 315-329.
Yang, Q. Z. (2003). IFC-Compliant Design Information Modeling and Sharing, ITcon, 
8, 1-14.
Y atim, Y. M. (2016a) Escape Routes Design Specifications and Fire Safety Model for  
High-Rise Residential Buildings (1st ed.) Johor Bahru, Malaysia: Penerbit 
UTM Press.
Yatim, Y. M. (2016b) Provision and Fire Safety Management in High-Rise Residential 
Buildings (1st ed.) Johor, Malaysia: Penerbit UTM Press.
Yeh, Y.-F., Hsu, Y.-S., Wu, H.-K., Hwang, F.-K., & Lin, T.-C. (2014). Developing 
and validating technological pedagogical content knowledge-practical 
(TPACK-practical) through the Delphi survey technique, British Journal o f 
Educational Technology, 45(4), 707-722.
Yurchyshyna, A., Zucker, C. F., Thanh, N. L., Lima, C., & Zarli, A. (2007). Towards 
an Ontology-Based Approach for Conformance Checking Modeling in 
Construction. 24th W78 conference Maribor 26-29 June 2007. Maribor, 
Slovenia, 195-202.
Yurchyshyna, A., Faron-Zucker, C., Thanh, N. L., & Zarli, A. (2008). Towards an 
Ontology-based Approach for Formalisation of Expert Knowledge in 
Conformity Checking Model in Construction. Proceedings o f the 7th European 
Conference on Product and Process Modelling (ECPPM). 10-12 September. 
France, 447-456.
Zayton, H. (2018). The Role o f Interoperability in Construction Projects 
Communication and the Implementation o f CoClass. (Masters) Thesis, 
Chalmers University of Technology, Goteborg, Sweden.
295
Zhang, C., Beetz, J., & Vries, B. D. (2014a). An Ontological Approach for Semantic 
Validation of IFC Models. Proceedings o f the 21st International Workshop on 
Intelligent Computing in Engineering 2014. 16-18 July, 1-8.
Zhang, J., & El-Gohary, N. M. (2011). Automated Information Extraction from 
Construction-Related Regulatory Documents for Automated Compliance 
Checking. CIB W78-W102 2011 International Conference. 26-28 October. 
Sophia Antipolis, France, 1-10.
Zhang, J., & El-Gohary, N. M. (2012). Extraction of Construction Regulatory 
Requirements from Textual Documents Using Natural Language Processing 
Techniques, Computing in Civil Engineering, 453-460.
Zhang, J., & El-Gohary, N. M. (2013a). Information Transformation and Automated 
Reasoning for Automated Compliance Checking in Construction. ASCE 
International Workshop on Computing in Civil Engineering. 23-25 June. Los 
Angeles, California, 701-708.
Zhang, J., & El-Gohary, N. M. (2014b). Automated Reasoning for Regulatory 
Compliance Checking in the Construction Domain. Construction Research 
Congress 2014. 19-21 May. Atlanta, Georgia, 907-916.
Zhang, J., & El-Gohary, N. M. (2015a). Automated Information Transformation for 
Automated Regulatory Compliance Checking in Construction, Journal of 
Computing in Civil Engineering, 29(4), B4015001-4015001 -B4015001- 
4015016.
Zhang, J., & El-Gohary, N. M. (2016a). An Automated Relationship Classification to 
Support Semi-Automated IFC Extension. Construction Research Congress 
2016. 31 May - 2 June. San Juan, Puerto Rico, 829-838.
Zhang, J., & El-Gohary, N. M. (2016b). Extending Building Information Models 
Semiautomatically Using Semantic Natural Language Processing Techniques, 
Journal of Computing in Civil Engineering, 30(5), C4016004-4016001 - 
C4016004-4016016.
Zhang, J., & El-Gohary, N. M. (2016c). A Prototype System for Fully Automated Code 
Checking. eWork and eBusiness in Architecture: 11th European Conference 
on Product and Process Modelling (ECPPM 2016). 7-9 September. Limassol, 
Cyprus, 535-542.
Zhang, J., & El-Gohary, N. M. (2016d). Semantic NLP-Based Information Extraction 
from Construction Regulatory Documents for Automated Compliance
296
Checking, Journal o f Computing in Civil Engineering, 30(2), 04015014­
04015011 - 04015014-04015014.
Zhang, J. (2017). A logic-based representation and tree-based visualization method for 
building regulatory requirements, Visualization in Engineering, 5(1), 1-14.
Zhang, J., & El-Gohary, N. M. (2017a). Integrating semantic NLP and logic reasoning 
into a unified system for fully-automated code checking, Automation in 
Construction, 73, 45-57.
Zhang, K. (2007) Visual Languages and Applications US: Springer.
Zhang, R., & El-Gohary, N. M. (2018). A Clustering Approach for Analyzing the 
Computability of Building Code Requirements. Construction Research 
Congress 2018. 2-4 April. New Orleans, Louisiana, 86-95.
Zhang, R., & El-Gohary, N. M. (2019a). A Machine Learning-Based Method for 
Building Code Requirement Hierarchy Extraction. 7th CSCE International 
Construction Specialty Conference (jointly with Construction Research 
Congress). June 12-15, 2019. Canada, US, CON147-141 - CON147-110.
Zhang, R., & El-Gohary, N. M. (2019b). A Machine Learning Approach for 
Compliance Checking-Specific Semantic Role Labeling of Building Code 
Sentences. In I. Mutis & T. Hartmann (Eds.), Advances in Informatics and 
Computing in Civil and Construction Engineering (pp. 561-568). Switzerland: 
Springer. doi:10.1007/978-3-030-00220-6_67
Zhang, S., Teizer, J., Lee, J. K., Eastman, C. M., & Venugopal, M. (2013b). Building 
Information Modeling (BIM) and Safety: Automatic Safety Checking of 
Construction Models and Schedules, Automation in Construction, 29, 183-195.
Zhang, S., Boukamp, F., & Teizer, J. (2014c). Ontology-Based Semantic Modeling of 
Safety Management Knowledge. 2014 International Conference on
Computing in Civil and Building Engineering. 23-25 June. Orlando, Florida, 
US, 2254-2262.
Zhang, S., Boukamp, F., & Teizer, J. (2015b). Ontology-based semantic modeling of 
construction safety knowledge: Towards automated safety planning for job 
hazard analysis (JHA), Automation in Construction, 52, 29-41.
Zhang, S., Sulankivi, K., Kiviniemi, M., Romo, I., Eastman, C. M., & Teizer, J. 
(2015 c). BIM-based fall hazard identification and prevention in construction 
safety planning, Safety Science, 72, 31-45.
297
Zhang, X., Li, X., Mehaffey, J., & Hadjisophocleous, G. (2017b). A probability-based 
Monte Carlo life-risk analysis model for fire emergencies, Fire Safety Journal, 
89(March), 51-62.
Zhong, B., Gan, C., Luo, H., & Xing, X. (2018). Ontology-based framework for 
building environmental monitoring and compliance checking under BIM 
environment, Building and Environment, 141, 127-142.
Zhong, B. T., Ding, L. Y., Luo, H. B., Zhou, Y., Hu, Y. Z., & Hu, H. M. (2012). 
Ontology-based semantic modeling of regulation constraint for automated 
construction quality compliance checking, Automation in Construction, 28, 58­
70.
Zhou, H., Lee, S., & Ying, H. (2018). VPL-Based Code Translation for Automated 
Compliance Checking of Building Envelope Energy Efficiency. Construction 
Research Congress 2018. April 2-4, 2018. New Orleans, Louisiana, 1-12.
Zhou, P., & El-Gohary, N. M. (2014a). Ontology-Based, Multi-Label Text
Classification for Enhanced Information Retrieval for Supporting Automated 
Environmental Compliance Checking. 2014 International Conference on 
Computing in Civil and Building Engineering. 23-25 June. Orlando, Florida, 
US, 2238-2245.
Zhou, P., & El-Gohary, N. M. (2014b). Semantic-based Text Classification of 
Environmental Regulatory Documents for Supporting Automated 
Environmental Compliance Checking in Construction. Construction Research 
Congress 2014. 19-21 May. Atlanta, Georgia, 897-906.
Zhou, P., & El-Gohary, N. M. (2015a). Domain-Specific Hierarchical Text
Classification for Supporting Automated Environmental Compliance
Checking, Journal o f Computing in Civil Engineering, 30(4), 04015057­
04015051 - 04015057-04015014.
Zhou, P., & El-Gohary, N. M. (2015b). Ontology-Based Information Extraction from 
Environmental Regulations for Supporting Environmental Compliance 
Checking. 2015 International Workshop on Computing in Civil Engineering. 
21-23 June. Austin, Texas, 190-198.
Zhou, P., & El-Gohary, N. M. (2016). Ontology-Based Multilabel Text Classification 
of Construction Regulatory Documents, Journal of Computing in Civil 
Engineering, 30(4), 04015058-04015051 - 04015058-04015013.
298
Zhou, P., & El-Gohary, N. M. (2017). Ontology-based automated information 
extraction from building energy conservation codes, Automation in 
Construction, 74, 103-117.
Zhou, P., & El-Gohary, N. M. (2019). Text and Information Analytics for Fully 
Automated Energy Code Checking. In S. M. & R. F. (Project Management and 
BIM fo r Sustainable Modern Cities. GeoMEast 2018. Sustainable Civil 
Infrastructures (Cham, Switzerland: Springer, pp. 196-208.
299
